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INIRDDinSlOa 


with  th«  laertaflnc  Inttnit  in  ttaa  pr*<luetl«a  of 
hlXh-frot«ln  farag*  h7  aaana  af  haavy  applleatloDs  af  ni- 
trogan  to  rangolagraaa  deeunbana  St«t>)  and 

Pnaaaala  Bahlagraas  tPaaaalua  natatuM  Fluagga)  paatorat, 
ttaara  haa  arlaao  a naad  far  Infenaatlan  eeneamlng  thalr 
ooaparattTa  auaeaptlbllltp  ta  danaga  eaoaad  bp  lav  ta^ara- 
turaa  vhan  thap  ara  grown  at  ttaaaa  bl^  oitragan  lavala. 

Thoaa  tva  graaaaa  ara  wldalp  naad  In  paatura  pra- 
grana  In  Flarlda,  and  on  thalr  abtlltp  to  ravuln  praduatlTo 
raata  a larga  part  af  tha  aeanaap  af  tha  llTaataefc  Indua- 
trp. 

Pangelagraaa  arlglnatad  In  tha  Pongala  Utot 
Tallap  In  Sauth  Afrlaa.  It  waa  Intreduaod  Inta  Florida 
bp  tta  Unitad  Stataa  Dapartnaot  af  Agrlaultura  in  1935. 

Tha  graaa  waa  naaad.  In  1942,  aftar  Ita  natlTa  raglan,  bnt 
the  ward  waa  alaapallad  (49) . 

Panaaeala  BahlagraaB  waa  flrat  abaarrad  In  Paaaaoola, 
Florida,  abaut  1941.  Thia  graaa  waa  genarallp  balloTad  ta 
bawa  baan  brought  Inta  Florida  fraa  Central  or  Sauth  Anarlaa. 
In  1942,  aaad  fraa  planta  growing  near  tha  daAe  and  rall- 
roada  In  Panaaeala  ware  aant  ta  tha  azporlnent  atatlan  In 
Oalnaavllle.  Bp  1945,  aaad  vara  being  narkatad  (35), 


In  Tiaw  af  tha  vani  ellnatea  In  tha  landa  to  whleti 


thsu  frasati  art  nattv*,  on*  would  ozpoei  that  th«r  al^t 
not  1M  T0I7  eold  liardr  ■^eloi.  that  thla  It  fwarally 
tnia  af  ranxalasraat  !•  aa  aaoopttd  faet*  Panaaoala  Bahia* 
graas,  hawoTOF,  la  hnavn  ta  ha  rathar  raaiaiaat  ta  daa«ga 
fra*  aald  waathar.  Statao  (M)  baa  ahaarrad  that  Panaaaala 
Bahlagraaa  vaa  ahla  ta  wlthatand  alld  vlatara  in  aantral 
OklahaBa  dnrljif  idiidi  taaBoraturaa  ware  araimd 

0*P.  Ha  alaa  natad  thatlaaparatUFoa  wall  halaw  aara  kUlad 
tha  graaa.  In  Saargla,  fraat  In  Jut  1b  Harab  haa  baan 
knawn  ta  dalaf  craalng  ar  Panaaaala  Bahlacraaa  (46). 

italla  thara  la  a waat  aaaunt  af  lltaratoFa  aanaani* 
Inc  tha  hardlnaaa  af  planta,  tha  partiaalar  abjaatlwaa  af 
tha  praaant  atudj*  hava  aat  baan  tbaran^ilp  laTaattgatad. 

Thla  azpaPlBant  waa  uodartakan  with  tha  Idaa  of 
abtalninc  a quantltatlTa  ■aaaoFMwnt  af  tha  dagraa  af  cold 
haFdlnaaa  aafalbitad  bp  thaaa  two  apaalaa  at  apoalflad 
ItTola  af  nitrogoB  fartlllBatlaa  nador  tha  aatnrally  aa* 
aarrlng  allnatalaglaal  eanditlana  of  a CaoiFal  Florida 
wlatar. 

In  alow  af  tha  ralatlanAlp  batwaan  tai^aratura 
and  aald  hardlnaaa,  aartaln  ■laraal^Mtie  InraatlgatlMu 
haaa  baan  undartakaa  In  ardor  ta  obtain  a battar  andar* 
atandlng  af  tha  raal  taivaratnra  aanditlcna  aniatlBg  in 

tha  azperimental  area. 


unriEH  V LiimiTimB 


lotFoduetloo 

With  tb«  tr«wDdott«  iBtanst  is  e«ld  hardlMSi,  It 
!•  Mlf  td  IM  «9«et*d  that  a graat  tedr  of  litaratora  em- 
earnlBC  tb*  antijaet  la  la  ozlataooe.  Tarlaaa  partaaa  fraa 
tlM  to  tlao  haTO  puDllAod  ratlior  ostwalTo  rorlovo.  Beaa 
(64),  1b  1621,  prooaatad  a vlda  rorlaw  of  tbo  litaratara 
up  to  that  parlod.  Tveatf  paaro  lator  a olaoalo  roTlaw  wa 
puhllAod  Iqr  LoTltt  (41)  «he  lator  raoorfcad  It  aud  ropnli- 
llahod  In  1966  (4t) . Alae,  In  1966,  Doxtar  (89)  aado  aa 
axoallont  atsanarp  of  varfc  daaliaf  vith  viator  hardlaaaa 
and  oTaluatloB  of  orap  planta  aa  to  viator  hardlaaaa. 

ftaara  la  aeaa  tondoaep  to  moo  tho  tana  "viator 
haFdlaaaa,"  "eald  hardlaaaa,'  and  "froot  hardlaaaa*  lator- 
ohaacoahlp.  LoTltt  (48)  doflnod  tho  viator  hardlaaaa  af 
plaato  aa  thalr  ahllitr  to  aurvlvo  tho  ooTorltlaa  of  viator. 
Bo  aaai^iad  a nuaarloal  raluo  to  tho  fraat  hardlaaao  af  a 
plant.  Hila  tbIuo  vaa  tho  nuaber  of  dogroao  (*C)  holov  Ita 
fraoalnx  paint  at  vhloh  a plant  bad  to  ho  froaoa  In  erdar 
that  a SO  par  oont  kill  oottld  ha  ohtalnod. 

bavltt  (41)  atatod  that  Pfolffar  eonolndad  tiiat  a 
ohMlOal  prooaoa  auat  ba  laTolTod  ia  bardaalac,  alnoa  tho 
dahardanlaf  vhloh  aeoura  la  tho  aprlnc,  vhan  taa^araturao 
ara  hl^,  la  aoro  rapid  than  la  fall  and  vlntor. 


9un«MD  Mid  HXtl*r  (BB)  found  thot  tho  aotuol 


lovol  of  hardonlns  of  wlntor  idioot  woo  apparootlr  dotor- 
■tnod  tho  offloloao)'  and  duration  of  tho  preoadlns 
grovth-hardoaliig  otafo. 

LoTttt  (41)  hao  ohaerrod  that  hardy  planta  havo 
rolatlToly  aull  ealla  hat  that  tho  oonTorao  la  not  nooaa- 
aarlly  trua. 

Phyalolocleal  Condltloia  Aaaoelatod  With  Bardlooaa 

Certain  ^ralolocieal  oondltlona  aaaeolated  with 
oold  hardinoaa  havo  boon  llatod  hy  Mayor  and  Andaraon  (B6). 
Thoaa  Ineludo  ralatlvoly  lev  wator  eoatont  of  the  tlaauaa, 
an  aoeuailatiOB  of  ootuhla  oarhohydratoa  In  tho  ealla 
aeeo^anled  hy  an  Ineraaao  In  their  oaaotle  proaanro,  and 
fill  inoFoaBod  proportion  of  unfrooaablo  or  bound  vater* 

A Dunbor  of  o^orlnonta  rovlovod  by  Levitt  (4) 
Indleatod  tiiat  lev  onvirenBontal  •eiatura  la  favorable  to 
front  roalatanee  vhllo  high  aoll  nelaturo  tanda  to  prevent 
hardening. 

Kewton  and  Brown  (S7)«  atudylng  aoaaonal  diangoa 
in  the  eonpaaltlon  of  viator  wheat  In  relation  to  front 
roalatanee,  obaorved  that  the  roifaiotlon  in  aolatura  eoatont 
la  one  of  tho  mat  l^ortant  ehangea  In  the  quantitative 
relatlena  of  the  varioua  plant  eonatltuenta.  They  noted 
that  thla  eoeora  to  a greater  degree  In  hardy  varlotlea. 

It  haa  boon  aaggaatod  by  Dexter  (10)  that  too 


d«T«lo^ant  and  DalotananM  of  a hlfh  aTallaUa  oarbaby* 
drata  aapply  alonf  with  a ratardad  wacatatlva  grawth,  la 
naeaaaar;  far  an  afflelant  aald-tanparatnra  hardanlng 
raaatlan4 

Cald  hardlnata  waa  ahaarrad  ta  hawa  na  aarralatlan 
with  radualng  augara  In  wark  raportad  hy  Voad  and  Spragna 
(PS)  an  ladlna  alavar.  Bewarer,  In  thla  study  thay  faund 
a hl^  paaltlwa  aarralatlan  af  aald  taardlnass  with  tatal 
polyaaaabaridss  and  hMlsallalsaa  eontaots  hut  lawar  eer- 
ralatlans  with  atarch  and  tatal  awallahla  earhahydrataa4 

Kaaao  and  BllA  (3S)  aatahllAad  a para  11  alia 
hatwaan  inaraasaa  in  dry^uttar  and  aueraaa  eantant  and  In 
aald  raalatanaa  lnaraaaa4  Thay  notad  that  with  dahardanlng 
thara  waa  a pmgraaaiwa  daeraasa  In  dry*aattar  and  sugar 
aantant.  Thla  waric  waa  dana  an  iAiaat4 

With  tha  eanraralan  of  ataroti  ta  sugars,  sold  ra- 
slatanaa  was  found  ta  Inaroass  rapidly  in  asrtaln  lagnata 
atudlad  by  Bula  and  Saltb  (6).  Thay  faund  tha  rats  af 
■atahalle  aotlTlty  ta  ha  InTarsaly  prapartional  to  aald 
hsrdlnasB4 

In  wart  with  blart  laauat  traas,  SlnlnawltHi  and 
Brlgga  (76)  hava  auggaatad  that  rsTaralbla  dhangss  In 
fro  at  hardlnaas  nay  ha  dua  ta  taavaratura'Bsnaltlws  varla- 
tiana  In  stardi  eantant  of  tha  tlasuas4  Rualks  and  Snltb 
(dS)  wartlng  with  whlta,  ladlna,  and  rad  elavara  ebaarrad 
that  during  tha  wlntar  thara  waa  a daellne  In  tatal 


avkilaUa  ourMbydrataa.  total  racari  waro  rataid  to  \>»  at 
a ht^ar  laval  daring  tha  period  of  alntar  darMnoy  In 
ttaeaa  apealaa  ahlA  wore  Mra  hardy. 

In  a eaoparlaan  of  aald  hardy  and  nan-hardy  rad 
eloTor  raata,  Groathauao  (X0)  foond  indlaatlwa  that  hardl- 
naea  «aa  ataoaiatad  with  groatar  oonaantratlan  af  earbatay- 
dratat  and  nltragn,  lowar  Balatora  aeotant,  larger 
onfraaaahla  water  Talua,  lawar  apaalflo  eanduetanea  ralua, 
and  a allihtly  hl^ar  pH  valna.  Ha  alaa  natad  that  aana 
dlfflenlty  ariaaa  In  dlatlngnltiiing  aauaa  fra«  afreet  In 
aald  hardlnaaa  atndlaa. 

Stark  (so)  daflnaa  the  tarn  'hound  water*  to  naan 
Water  held  agalnat  aoaa  axtraatlng  farea.  Crandflald  (S8), 
waiting  with  crown  hnda  af  alfalfa,  noted  that  hl^  nitro- 
gen aentant  af  tha  eravn  bud  nli^t  ba  portly  raapanaibla 
far  thair  hl^  aontwt  af  bound  water.  Ha  found  that  dur- 
ing tha  hardening  parted  a daereaaad  pareantaga  af  tatal 
water  waa  asaaelated  with  tha  Ineraaaad  eanoantration  of 
aogara  aa  well  aa  tha  hl^  nitrogen  aentant  of  tha  hnda. 

A further  binding  of  the  froa  water  with  pretaplaenla 
eenpainide  waa  the  raanlt. 

Raaa  (S4)  atatad  that  tha  olilef  faetar  In  inaraai- 
ing  the  aeaatle  aeneentration  in  plants  is  eansidarad  to 
ba  tha  daereaae  in  tha  anaunt  af  free  water,  and  that, 
therafara,  tha  abaervad  ineraaaa  In  enatia  aanaantratian 
would  ba  a saaandary  reeult  af  the  hardening  praeass. 


S«M>th  and  Lavltt  (TO)  rarlawad  call  cbancds  in 
hardanlns  and  diaeoMad  rarlaua  thaeriaa  eonearntn^  tha 
■a«i>ai»lM  af  fraat  raalttanaa.  Uiax  faond  that  In  hardanad 
Mila  tha  raalatanea  ta  Injury  daplaMWlyala  it  cr*atar« 

In  «aedr  and  harhacaout  tfaelaa  aanatle  praaaura  «aa  rapartad 
at  halnc  Inaraatad  In  hardanad  aalla.  Callalda  and  baand 
vatar  Inaraatad  in  hardMad  atilt* 

Tarlaua  woiiMra  haaa  atta^tad  ta  find  tana  aar- 
raltilan  bataaan  aeld  hardlneta  and  Tarlant  altroimi 
fraatlant  praaaat  In  planta  Inaludlng  pratalnt.  Badctan 
and  Bala  (39)  ttadlad  tha  hardaalnc  btfiariar  af  twaatalaTar 
rarlatlaa  and  diaauatad  tha  patalbla  rala  af  vartaua  nitra* 
SW  fraatiant  In  aald  raalatanea  daralepnanti  It  appaarad 
that  watar-aalnbla  prataln  aas  naat  alaaalp  ataaalatad  with 
aald  raalttanaa. 

Nawtaa  and  Braan  (57)  varklnc  with  vintar  lAaat 
fannd  that  anina  nltra^an  and  nan-aaadulabla  nltrafan  In- 
araaaa  during  tha  aald  taaaao*  but  faund  na  earralatln 
batvaan  tha  apparent  dacraa  af  pratain-tpllttlnc  and  tha 
ralatlva  hmrdlnaat  af  Tarlatlaa. 

In  ladlna  aleanr  atalana,  Waad  and  Spracua  (M), 
aaiUng  in  Baa  Jarsap,  ebaarrad  that  tatal  nitrogan  inaraatad 
during  tha  firat  half  af  tha  winter  and  than  lawalad  aff« 
but  that  thara  vat  na  eerralatlan  with  aald  hardlnaat. 

Slnlnavlteb  and  Brlggt  (73,  76)  atudlad  aaatanal 
Miangaa  in  watar-lnaalnbla  prataln  nltragan,  watar-aalubla 


fmalii  BitPftfM,  and  vat»r-Mlnbl«  aon-pr«i«in  nltrasw 
to  ralatlon  to  ■•Moul  Tariatlaaa  af  fraat  kardinaaa  In 
llrliig  bart  tlaaaa  fra*  blaok  laooat  traaa.  Star  faimd  a 
oarralaitan  anlr  batwaan  the  ^uneaa  in  vatar-aelubla  pra* 
tala  and  hardlaaaa.  Sia  aarralatlao  vaa  paattlva  and 
•uciaatad  ta  tliaa  that  ihia  aaDatituant  af  tha  hark  auir 
baar  aana  easoal  ralatlanablp  to  tha  naebaatan  af  fraat 
hardlaaaa.  In  aaathar  «oi4c,  Brlgga  and  SlniaaTlteb  (S) 
atudlad  aaaaonal  ohangaa  la  tha  alaatrophoraala  pattarna 
of  vatar-aalnbla  pratalna  fran  loauat  bart.  thay  vara  abla 
to  dlatlafulah  at  loaat  flra  oonpanaota.  Uhaa  hardlaaaa 
and  oanoantratlan  af  total  protaia  Kara  ahawlaf 
Tarlatlan  In  fall  and  aprlng  tbar  eould  find  no  raal  davla- 
tlona  la  tha  alaotraphoraala  pattama  Iron  thaaa  idUeh 
eharaotariao  tha  wlntar  protoln.  Thara  vara  narfcod 
(dianfoa  in  awaar. 

2laric  (4T),  atudfliif  tha  ralatlon  of  raaarraa  to 
raatatanoo  ta  aald  In  alfalfa*  obaarrod  no  eooalatant  dlf- 
faranoaa  batvaan  hardjr  and  non^ardf  Tarlotlaa  aa  to  aolubla 
nitrogen,  la  found  that  aolubla  nltragan  Inoraaaad  In  all 
Tarletlaa  durln*  lata  fall  but  that  thara  aaanod  to  ba  ae 
avidanea  of  protoin  hjrdrolrala  alnea  both  protoln  and  nen- 
pratalji  nttrosan  vara  aeounaatlni  at  tha  aa-t  tlna. 

Mawtan  and  Brawn  (BS)  atudlad  front  proelpltatlon 
af  pratalna  of  plant  Inlaa  and  omaludad  that  dahrdratloa 
waa  tha  baale  oanna.  iftxon  Havtan  at  al.  (59),  azpoaad 


fr«a  ittAardmcd  vint*p  vh«at  plant*  t*  fF«*t 
tl>*r  •btalnad  a daersa**  In  MagulaUa  protaln  eontaat  and 
an  Ineraaa*  la  anln*  nltregan  e«nt*nt.  Th*r*  wa*  al*a  an 
Inertaiad  ■•naltlTlty  t*  tapdmlp*!*  bj  dllnt*  Mdlnn 
hydntsld*.  9ti«r  *asc«at*4  that  pretaln  ■pllttlnc  *aeh  a* 
i*  f*und  In  hardanad  plant*  oaold  h*  tha  ravolt  af  front 
rathar  than  an  adaptation  afalnat  it> 

In  work  nlth  alfalfa^  Bnla  *$  al.  (7),  found  that 
thar*  saaBod  to  ha  *ona  aorralatlon  hotwaan  trand*  af 
wat*r-*olubla  prataln  oltracw  and  cold  roaiatanoa  In 
eartaln  Tarlatla*  but  not  In  anothar  lAlab  «a*  auapaetad 
af  poaaaaalnc  a rathar  low  Inharant  abUltj  to  daralop 
raalatanaa  to  aald. 

Daxtar  (M)  ha*  aald  that  arldantlp  thara  1*  a 
aarlaa  of  raaatlana  vhleta  aeaur  In  plant*  in  vlntar  ratard> 
laaa  af  an  Ineraaa*  in  hardlnaa*.  Solnbla  orcanlo  nltracan 
1*  Inaroaaad.  Haapiratlan  rat*  in  dearaaaad  but  1*  not 
oarrolatad  nlth  ehansaa  la  anaunt  af  aufara  or  vith  attnin* 
aotlvltr*  Sucar*  uaoallp  ara  Inaraaaad  and  nap  or  nap  not 
ba  aaaaapanled  bp  Inwraaaad  hardlnaa*. 

Tha  aotual  oauae  of  hardlnaa*  la  aoaplax  and  nanp 
anTlraaaMntal  faotara  nap  Induaa  ehangaa  in  hardlnaa*. 
UolBar  (M)  withheld  ll^t  frea  alfalfa  plant*  far  a parlad 
of  aoT*n  dapa.  thla  eauaad  tha  o«^l*t*  dlaappaaranaa  af 
atareh  and  graatlp  ratarded  thalr  abllltp  to  wlthatand 
fraaalnj.  Sunaaan  and  Paltlor  (SS)  ahavod  a raduatlon  In 
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taordlnaiB  af  wliitar  lAiaat  plant*  nadar  eoatralled  eondltlMi* 
of  rodueod  ll^t> 

Hioat  ■oodllnga  iiblcii  woro  Aadod  durlnx  balf  of 
oaeb  dap  for  ol^t  dafo  war*  found  to  bo  aoro  tondor  than 
Boodllnga  roeolTtns  full  sunlight.  In  work  roportod  bp 
Doztar  (18).  Hardening  eonld  not  b*  aooonpllAod  In  tba 
dart.  Uhn  UluninatlOD  was  nade  avallablo  onlp  during 
Warn  periods,  tbsro  was  aora  tandanop  for  plant*  to  taardon 
whan  Ulualnatlon  vas  onlp  during  oold  poriods. 

Tpsdal  (BT)  obialnad  bettor  surrlTal  froa  frost  rtea 
ho  allowod  plants  to  harden  under  wlilto  ll^t  than  vhan 
hardened  under  blue  or  rod  ll^t. 

Tho  Preeoss  of  Froaalng  In  Plant* 

Asahlna  (8)  ha*  studlad  the  proeeas  of  freaolng  in 
plant  oall*  in  groat  detail.  Ho  has  observed  that  the 
tenparaturo  at  shleb  a spontanoeus  frooto  nay  eoeur  in 
plant  tissue*  dopando  m such  variable*  a*  the  cooling 
rate,  voluao,  water  oontent,  and  th*  oendltlons  of  the 
tissue  Burfaoo. 

A rather  good  dlseusslon  of  ti>e  proooss  of  frooslng 
of  plant  tissues  has  been  given  by  Slnlnovltoh  and  Briggs 
(74)  who  stats  that  there  era  two  noohaaisaa  by  lAloh  plant 
tissues  nay  freeso  and  two  nodes  of  Injury.  The  first 
noohanlM  Is  trlggorod  by  slowly  dropping  tai^sratur** 
whiOh  eaus*  fomatioD  of  oxtraoellular  lee  erystals. 
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A Pspld  drop  Is  tM^orainro  will  oauao  IstraMllular  fraat- 
liiC>  Tha  lattar  la  alw^a  fatal  slsaa  thara  la  a soAaal- 
aal  dlaarcanlsatlan  af  tha  protaplaas  eanaad  hr  tha  lea 
<»7*tals.  Bawaaar,  aztPaaallalar  fraatlns  enlr  acta  to 
oaneantrata  tha  eall  eantants  bj  d^dratlaa,  and  Injsrr 
arlaea  fros  the  affaet  af  dahrdratlaii  on  the  prateplaan 
and  pratoplanle  ■aAraaaa  af  tha  ealla. 

liOTltt  (4S)  atataa  that  the  fraat^iardr  eall  haa 
two  llnaa  af  dafanaa.  Iha  prlsarj  dafanae  asalaat  lajurr 
la  tha  daralopaMUt  of  protaplasa  whieh  ean  raalat  tha 
■aaiianleal  atraaaaa  dnrlnx  freaalnc.  Iha  eaeond  inelodaa 
Tarlaua  saana  af  raduelng  tha  atraaaaa  tha  eall  la  anbjaetad 
to  whan  frasan.  lueludad  nsant  tha  lattar  aral  raduoad 
call  alsa»  laaa  ri^ld  eall  «alla«  and  higher  eall  paivaa- 

bllltr* 

Tha  Inpartanea  af  Bltrosan  Fartlllaatloa 
In  abtalnlng  Hl^  Ylalda 

In  18S7,  Lawaa,  Gllbart^  and  Pu|^  (Id)  af  tiia 
Rothaastad  Ri^arlBant  Station  daflnltalr  aetabllahad  that 
nitrogen  la  aasentlal  to  pluta.  A largo  bedj  af  lltara* 
tore  bat  oTolrad  In  idiiata  aarlaua  raferaneaa  are  sado  to 
nitrogen  and  Ite  affeot  on  planta.  High  jlalda  and  high 
protein  oontant  are  ganarallr  dapandant  on  adaqnata  auppllea 
of  nitrogen  being  avallabla  to  planta. 

Chanblaa  (10)  found  that  tha  nitrogen  eontant  of 
orobardgraas  waa  Ineroaaad  tha  flrat  aaaaan,  fear  to  alx 
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w««k«  follawinc  ap^lltetioa  of  100  pounds  of  nitragon. 

Thoro  ns  s Mullar  Magnliudo  of  Inorosss  la  tbs  aoeoad 
and  third  sosswib. 

HoOroory  and  Stslly  (61)  obaarrod  slcnlftaant  dlf> 
foraneoa  la  ylold  of  paaturo  barbae*  attrtbniabl*  to  nltro- 
gan  fortillsatim.  That  taoasy  applloations  of  nltrogaa 
fartUlBSF  produo*  larg*  Ineraasaa  in  grovth  of  breMgrass 
on  nltrogaa  dofloiont  ooUa  vas  sham  by  Suaaoll  ot  al. 

(M),  Xhay  also  found  a hlj^or  nltrogaa  eoatont  la  tho 
plants,  at  all  stagos  of  growth,  whleh  had  rooolvod  fortl- 
llasr. 

A nujabor  of  roeoat  asparlasnts  haw*  boon  raportod 
In  which  rather  high  ratos  of  nltrogan  haw*  baon  utUlaod 
In  grass  produotlon  prograjss.  TleoDts-Ohaadlar  and  his 
assoolatos  (S8)  hawo  applied  nltrogan  up  to  rates  of  2000 
pounds  psr  yoar  to  tho  troploal  grassos,  Haplorgrass, 
Gulnoagrass,  and  Paragrasst  They  found  that  they  could 
obtain  Inoroasod  yields  up  to  rates  of  800  pounds  per  aero. 
Cmd*  protsln  oentsnts  inoroasod  with  the  inoroasod  fortUl^ 
nation  up  to  the  hl^ost  rate  tasted. 

PangolagrasB,  Ksplargrass,  and  Cuinsagrass  vora 
fartUlnad  with  ratos  of  nltrogoa  up  to  1000  pounds  per 
aero  by  Little  ot  al.  (4d).  In  tholr  study  Pangolagrass 
was  the  lowost  produoor  and  raspoadod  strongly  only  to  tho 
300  pound  loTsl  of  nltrogaa. 

Bltto  and  GassMn  (4)  found  that  when  they  applied 
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nltroftn  t«  P*n««lmcn*a  at  ratat  up  to  MB  pounda  par 
am  thap  attainad  a llnaar  plaid  raapanaa.  tha  faraca 
«aa  alaa  ebaarvad  ta  Ineraaaa  In  oltropaa  aantaat*  la 
atUl  anatliar  paar  ahan  law  laacblap  fraai  laek  af  Intanaa 
ralna  prewallad  and  with  tana  aarrp^var  of  oltwagan  tliap 
cat  oa  plaid  raapanaa  ta  nitragaa. 

Tlalda  af  drp  nattar  and  aruda  prataln  aantmt  af 
Pangalacraaa  and  Caaatal  Barstdagrata  warn  found  ta  bo  In- 
araaaad  bp  Ineraaaad  rataa  af  nltragan  la  work  rapartad  bp 
RaalBo  («1) . In  bath  of  thaaa  grataaa  ha  abaarrad  that 
tho  faraga  whlA  waa  harraatad  in  an  adTanead  atata  af 
growth  aoptalnad  a lawar  pareantaga  af  oruda  protein  than 
faraga  harraatad  bafora  raaAlng  an  adranaad  atata  af 
growth. 

GaBoa  aad  Blua  <M)  bp  applplng  nltragw  In  four 
equal  Inoranaata  during  the  growing  aaaton  waro  abla  to 
loaroaaa  the  nltrogM  aontoat  of  Pangolagrata  froa  1.4  par 
awtt  at  M pounda  of  nitragaa  par  poor  to  2.1  par  ant  at 
28B  pounda  of  aitrogon  par  poor. 

HarAaat  (44)  obtained  oatlafaotorp  raapanaa  frw 
Ponaaoala  Bahlagraat  ta  altrogvi  fartUlnatlan,  within 
aartaln  llnlta.  In  thia  work  nitragaa  waa  applied  in  the 
aprlng  and  again  in  tho  aunnar. 

PaneaaelB  Bablagraaa  waa  abaarrad  bp  Joffara  (34) 
ta  ba  aanalatantlp  auparlor  to  bath  Caaatal  Bamndagraaa 
and  to  Argaatlno  Bahia  in  raapanaa  to  high  altragan  lorala. 
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In  wrk  vitli  Bahlatrnii  aod 

HallaM  «t  al<  <93)  r«mid  tha  nltragn  eontvnt  of  plant 
■atarlal  ts  b«  hl^ar  undar  tha  hig^ar  rataa  af  DltMfM 
fartlllaation.  thar  faoad  tbat  thara  «aa  aoaa  rarlatlan 
batvaan  paara  aa  ta  tha  aptlaaua  tiaa  far  appllaatlaa,  rata, 
and  aatirea  af  nitragan  fartillaatlaB. 

Talk  (89)  abaarvad  a aaBthlr  Tartatlan  la  plaid  and 
□ItragaB  aantaat  af  Panaaaala  Bahlagraaa  and  Pangalagraaa 
In  l/SOOO  aora  Ipalaatars.  Ba  fannd  tkat  nndar  a llMltad 
nltragm  aupplp,  Pangalagraaa  vill  praduea  a faraga  vltb 
a lawar  nltragM  eantant  than  will  Bahlagraaa. 

In  aanparlaan  af  tha  ralatlva  afflalanep  af  Pangala- 
graaa and  Bahlagraaa  aa  ta  nitrogan  naa,  Wallaea  at  al. 

(93)  rapartad  that  Bahlagraaa  waa  nara  afflalant  at  lawar 
levala  and  Pangalagraaa  nara  afflalant  at  hl^iar  laaala 
Inaefar  aa  praduetian  af  drr  faraga  and  prataln  wara  aan- 
aaraad.  On  an  awaraga  thap  rapartad  Pangalagraaa  aa  balng 
tha  nara  praduatlaa  af  tha  twa  graasaa. 

Ellllngar  (38)  haa  aasMntad  that  aa  lata  aa  tha 
and  af  19S8  thara  waa  na  aartalntp  aa  ta  haw  nu«h  fartlllaar, 
partleolarlp  nltragwi,  aauld  ba  appllad  prafltablp  ta  anA 
graaaaa  aa  Pangalagraaa  and  Panaaaala  Bahlagraaa. 

Nltragan  Fartlllaatlan  In  Ralatlan 
ta  Oald  Hardlnaaa 

HunarauB  ra porta  aan  ba  found  In  tha  lltaratnra  aon- 
oamlng  nltragan  and  Ita  affaat  on  aald  hardlnaaa.  Studlaa 
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of  tliii  Dotura  haTB  twan  aada  Klih  wanj  typaa  of  plants, 
Bdgartan  (23)  applied  nltrofan  to  apple  tpoes  In 
tbe  fall  and  aarlp  einter  for  a nuabeF  of  paara  in  ardor  to 
ayaluato  its  offset  on  sold  hardiness.  Ha  nads  ohsoryatlons 
on  altrogan  aoeumlatlon  and  on  the  hardlnsss  of  the  t*lgs 
and  hark.  Ooteher  and  aarlp  KoTanher  applleatloas  of  nltro- 
gan  wore  thought  to  haye  Inoreased  the  susoaptlbllltr  of 
both  the  twigs  and  bark  to  frsoslng. 

Hardening  of  winter  lAaat  plants  of  a hardy  yarlotp 
oonld  net  be  obtained  In  the  dari(  at  2^  C.  when  they  ware 
grown  with  asoass  nitrogen.  This  weric  was  reported  by 
Dexter  (20)  lAie  also  reported  tiiat  ho  was  able  to  obtain 
hardening  of  plants  grown  at  low  rates  of  nltregan.  Both 
groups  of  plants  sbowsd  inersases  In  soluble  organle  ni- 
trogen during  the  ported  at  the  low  tanporatiiro,  Dlfforenean 
in  hardening  wars  nera  auu^ed  than  dlffsrsnees  In  nitrogen 
eontant,  (tadsr  eondltlons  of  ll^t«  hardening  eould  be 
obtained  with  both  groups  of  plants, 

Blaofenan  (3)  working  In  bgland  on  the  growth  of 
pastures  In  the  spring  found  that  no  growth  took  plaeo  be- 
low a sell  te^srature  of  42*  F.  Between  42*  and  47*  F. 
ha  noted  that  *nltrogan-nanurad*  pasturs  grow  at  a greater 
rate  than  his  eentrel  while  at  hl^or  tenperatures  the 
growth  rates  wsrs  rather  stnllar.  Hitregan  oentent  was  in- 
eraased  signlfioantly  four  to  sl^t  days  after  applloatlon 
eyan  at  sell  ta^eraturas  below  37* 


At  this  ta^eraturo. 
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D»  «4*  oegorrlBg. 

Vttlt*  (M)  e«adaet*d  an  latrleata  axparlnant  In* 
volTing  rata  and  fraquaney  af  appllaatlan  af  fartlllsar. 

Ha  appllad  nltragan  at  rataa  hl^ar  than  9000  paimda  par 
aera  par  yaar  to  Baraodafraaa  rarlatlaa  uaad  in  golf 
graana.  Ha  found  that  plata  davalapad  a grayiCb-graan 
color  fcllowlng  a fraat  hut  raeaaarad  in  tbraa  daya  If 
vara  vaathar  fallavad.  Tha  tvo  variattaa  atudiad  vara 
found  to  differ  In  thalr  raaotlaa.  Ha  ootad  that  Evar* 
gladaa  1 vaa  laaa  affaetad  hy  drought  and  cold  vaathar  and 
vaa  noro  tolarant  of  hi^  fartUlty  rataa  than  Bayahara. 

Craal  (IS)  found  vlntor-klllljig  of  Pangolagraaa 
to  ha  dlraatly  ralatad  to  tha  laval  af  nltregan  fartiltty* 

At  rataa  highar  than  S24  paunda  par  aera  par  year  be  ah> 
aarrad  that  Pangolagraaa  vaa  aoTaraly  vlBter>Ullad  In 
the  OalnaarlUa,  Flarlda  area.  Planta  vhleh  raealvad 
nitrogen  at  rataa  of  447  or  noro  paunda  par  aora  annually 
had  noro  of  a tandaney  to  raauaa  gravth  during  vam  parlada 
than  thoaa  fartUlaad  at  lover  rataa*  In  another  vark 
KaCleud  and  Craal  (60)  reported  that  winter-killing  of 
Pangolagraaa  vaa  apparently  aaaaelatad  vlth  Inanfflelamt 
root  roaarvaa  and  that  death  af  mtlro  planta  vaa  ahaorrad 
after  alternating  parlada  of  plant  gravth  fallavad  hy  fraaa- 
lng>  In  atm  another  report  on  thla  wai%  KaCloud  (48) 
BUMiauta  that  vlntar-kllllng  af  Pangelagraaa  vaa  100  par 
oattt  at  loTola  af  60  pennda  of  nitrogen  par  aera 


ir 

applied  bl-«Mkl7. 

Tartau*  paaMBa  hara  ttaaa  adTuaad  aa  to  why  nitra- 
gan  haa  an  affaet  an  hardlnaaa.  Lavltt  ('U)  rapartad  that 
Hadliou  atatad  that  a riah  ai^ply  af  nltragan  Inaraaaad 
graw^  and  tharafara  daeraaaod  dry  aattar  aantaat  and  hardi- 
naaa.  Arland  vaa  aald  hy  I>aTltt  (A)  ta  hava  ahaarrad 
that  nltragan  fartUtaatlan  and  pataaatun  daflalanay  laad 
ta  daeraaaad  freat  raalatanaa  dua  ta  a hl^  tranaplratlan 
rata.  A hl^ar  »atar  aantant  la  produaad  la  planta  hy  tha 
faraar,  hut  tha  lattar  haa  na  affaat  aa  thla  faetar. 
ni.h.n  (37)  raeardad  that  tha  graataat  tandamaaa  vaa  ta 
ha  found  aBoag  thoaa  horhaeaaua  planta  fartlllaad  with 
aadlna  nltrata.  Magae  (54)  taatad  aatorally  hardanad 
alfalfa  roota  during  fall  and  wlatar  and  fannd  na  diffaranea 
la  hardlnaaa  hatvaan  planta  fartlllaad  with  0-8-44  In  lata 
Kay,  thoaa  fartlllaad  with  nltrata  of  aada  la  lata  Soptoa- 
har,  or  tha  unfartUlaad  oontrala. 

Carroll  and  Holton  (9)  InToatlgatad  tha  affaet  of 
haavy  and  lata  applioatlona  af  nltragan  on  Kantuoky  Blna 
Graaa.  In  tha  utfiardaaad  eandltloo  ao  diffaranea  la  froat 
raalatanaa  eanld  ho  dataetad,  hut  idion  hath  wora  hardanad, 
the  hl^  nitrogen  planta  provad  to  ha  laaa  raalatant. 

Knkaa  waa  rapartad  hy  Lealtt  (41)  to  have  haaa  able 
ta  produea  a narked  laoraaaa  In  tha  hardlnaaa  and  total 
Bugara  of  winter  lAioat  hy  applloatlon  of  phoapborua  and 
potaaalnB,  hut  *d>an  he  Ineludad  nltrogn,  aapaelally  la 
largo  aaounta,  bardiaaaa  vaa  daeraaaad. 
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Larltt  (41)  stfttad  thkt  Lldfsrat  ■xplaload  the 
teaderneai  reanltliii  fraa  Bltregen  fartUlsatlon  as  haing 
dna  to  a togar  daflalaner  and  an  inoraaMd  protaln  eanoan- 
tratlan. 

Alttaaugb  axaate  nltpagan  ganarallr  radueaa  bardl- 
naaa  and  daflalan^  Inaraataa  tt,  Lavitt  (4)  haa  ahaarrad 
that  taa  great  a daflalaaoj  nar  aaaatinaa  redaaa  hardlnaaa« 

Tai^araturs  Aa  a Paeter  In  Cald  Hardlnaaa 

Bula  It  al>  (7)  faund  tai^aratura  and  da7  length 
ta  ha  najar  ailnatia  faetara  ahldi  Influanaad  the  darela^ 
nant  ef  bardinaaa.  She;  found  tiiat  aald  raalatanaa  In 
alfalfa  darala>ad  nara  rapldlj  under  aondiilana  of  Aartar 
dara  and  lower  taa^araturaa.  Harrar  (31)  ahaerrad  that 
laaa  af  hardlnaaa  at  graanhauaa  taatparaturaa  aeeurrad  at 
ahaut  the  aana  rata  aa  Ita  gain  at  law  teBparaturaa.  Ha 
fonnd  that  ha  aauld  abtaln  aa  nuah  affaet  hr  an  haur’a 
azpaaura  ta  aald  aa  hr  a dar'a  axpoaura,  idiloh  lad  hln  ta 
aoneluda  that  hardening  la  a aald  ^ek  raapmaa  idiidi  ta 
not  related  to  the  prodnot  af  ta^aratura  and  tine  of  oz- 
poaura.  ihla  work  waa  dene  with  tree  aaadlinga*  It  waa 
alae  notload  that  altarnatlng  tanparaturea  in  oartaln 
oaaaa  Induead  a greater  raalatanaa  than  eondltlona  af  oan- 
tlnueua  a:q^aura  ta  law  ta^araturoa«  Doxtar  (10)  fannd, 
hovawor,  that  altarnatlng  tan^arataraa  ware  no  nera  affao- 
tlwa  In  the  hardening  of  alfalfa  than  eantlnnoua  taqaraturaa« 


1* 

ill  Ineraaiad  hardmins  bf  Tjsdal  (BT) 

in  kifalfa  with  mA  fr«grbfilv«lr  lovar  tMTaratara  fr*a 
M*  F.  to  3S*  F.  tha  uxIbub  aoaalaratlan  aeaurrad  at 
abaut  41*  F.  Ha  abtalnad  tha  hl^att  dagraa  of  hardanlii« 
AM  ha  altarnatal  iaaparataraa  of  olii^tlr  abOTo  32*  F. 
for  oixtOM  haura  »lth  tasparaturaa  of  68*  F.  for  at^t 
bonro  and  prerldad  ll^t  during  tha  vara  porlod.  Hla  aug- 
Eotiloo  mo  that  phraleo-Aaaloal  Aaagaa  aoour  nera 
r^tdly  at  tha  hl^  tanparaturaa  aftar  atlnulatlm  by  tha 
lOH. 

Poltlar  and  KlaaaalbaA  (61}  and  Saooob  and  Faltlar 
(84)  found  that  altanatlng  t«9oraturaa  vara  laaa  offao- 
tlTO  for  hardening  of  gralna  than  oanatant  loa  te^araturaa> 
Ihla  ma  aeaunad  to  ba  due  to  the  oontinnad  grovth  under 
the  oondltlona  of  alternating  tAF*'‘oturaa. 

In  NaTenbar  and  early  Daoanbar,  Stuaaon  and  Poltlar 
(SB)  found  that  hl^  dally  tenperaturao  In  oanjunotlan  vlth 
hl^  radiation  vara  noat  oandnolTa  to  hardening  of  uintar 
Aaat>  Tbaaa  eondltiona  vara  auA  aa  to  glaa  a naxlnnn 
aoounnlatlM  of  arganla  roaorToa* 

SalnoB  (6B)  atatad  that  at  graanhouaa  taa^araturaa, 
vlntar  hardanad  grain  ylanta  laaa  a pareaptlbla  anannt  of 
hardlnaae  In  a period  of  tuenty-feur  heura,  and  noat  of 
thalr  hardinaoa  to  ISO  haura.  I<audo  (40)«  bewoTor,  Aovad 
that  tha  praeaaa  1a  not  eanplata  until  tmlTo  or  fifteen 
daya  hare  paaaad. 


D«xt«F  (SI)  tbat  r^ardaoiac  aft»p  rarnall- 

satlon  la  paaalUa  liiit  Bora  llkalr  1b  ttavarnalttad  plania. 

Xba  kin  lag  f«lat  af  paatth  fruit  buda  aaa  fauad  ta 
fluetnata  dlraatlr  with  ahangaa  la  taaparatara  darlag 
irlatar  In  aark  farfaraad  bj  Chaplla  (18).  Ba  fauad  that 
tha  kllllag  paint  af  tka  buda  eauld  rlaa  aa  audh  aa  alavan 
dagraaa  fallanlag  a wan  parlad  and  fall  aa  anch  aa  fiwa 
ar  alx  dagraaa  fallaviag  a parlad  af  law  taaparatnraa. 

Maadar  and  Blaka  (B3)  In  atkar  vark  with  paaah  boda 
ataaarrad  tkat  aara  Injarp  raaultad  idiea  tkara  was  a fulek 
drap  ta  sub-aara  taaparaturas  fallawlng  a parlad  af  thaw- 
ing taaparaturaa  than  wbaa  tha  aaldaat  waatkar  raaakad  a 
alnlana  twparatura  tkrangh  a praaass  af  gradual  aaallng 
avar  a parlad  laatlng  aawaral  daps.  Haadar  (B8)  latar 
aada  furtkar  raporta  aaphaalalng  tha  lapartanaa  af  tha 
rats  af  ta^aratura  fall  la  tka  davalopamit  af  aald  Injurp 
ta  fruit  Kids  af  psaabas.  At  tha  saaa  rata  af  aaallng  ha 
absarrsd  that  a drap  af  ana  dagraa  Fakraahait  within  the 
arltlaal  tsaparatura  ranga  brau^t  abaut  a slgnlflaant  la- 
araasa  in  lajiiry  ta  buds  af  tha  warlatlaa  ha  tastad. 

Trands  In  aald  hardlnass  af  plna  and  fir  wars  tastad 


bp  Paidtar  (M)  wha  abssrrad  that  thara  was  a slaw  laM^ass 
la  hardlnass  during  tha  latar  part  af  aojmr  and  tha  first 


part  af  autm  with  a rathar  aharp  Ineraaaa  In  aarlp 
kavaabar  wbleh  aalnaldad  with  nl^ts  In  whleta  taaparaturaa 
wars  naar  ar  bslaw  fraaslng.  In  tiia  alddls  af  wlntar. 


SI 

l«aT«i  Muld  vlthstand  •straaalr  Mid  t«Bp*Fsiur«d  wiibout 
iMtng  dna(*d.  With  v«rMr  dar*  la  Pahraarr,  tbara  m*  a 
(anaral  dteraaalas  «f  bardliiaaa,  hut  tha  dasraa  af  aanal* 
tlTlty  aihlhlted  In  Kay  vaa  laaa  than  that  ahava  hy  nav 
naadlaa  appaarlng  at  that  tl>a  af  tha  year. 

Wilaao  (»e)  haa  ahaarvad  that  widar  tnM  MnditleB# 
af  law  tM^araturaa  as  eaeur  In  tha  aretla  in  tha  atnnar^ 
thara  la  a fraat  aansltlTlty  af  tha  aatlrlty  af  plants  to 
aean  nlnar  tanparatura  ahangas. 

Hayar  and  indaraan  (66)  atata  that  plants  alaaat 
Inrarlahly  will  eaaaa  grawth  at  tanparaturaa  asMidiat 
ahara  tha  ninlMS  that  aan  ba  vlthataad  wlthant  Inlnry. 
they  alaa  point  ant  that  taaiparatura  ehangas  da  nat  Khally 
affaet  any  two  natahalle  praeassas  aaaurrlng  in  plants. 

Haifa  (63)  faimd  that  Rhadaagrass  Muld  suttIts 
taa^sraturaa  as  lav  as  17*  P.  prOTldad  an  abundanea  af 
nalatora  was  praaant  and  that  tha  parlad  af  aold  did  nat 
graatly  anaaad  a weak.  If,  hovevar,  fratuant  sold  parlads 
aaourrad  aaeaapanlad  by  dry  aall  aandltians,  tha  grass  aanld 
nat  aurrlTa  to^araturas  far  below  S8*  P. 

Chandler  (11)  has  shown  that  tha  raslstanaa  of 
plants  to  law  tanparatora  vas  nat  naeossarlly  Ineraasad  by 
rapid  wilting  af  tissue.  This  was  In  oanparlson  ta  dry  un> 
wUtad  tissue.  Ha  obsarrad  that  tissue  with  a vat  surfaae 
vaa  nore  danagad  by  a given  tanparatnra  than  that  whldi 
was  dsTold  af  surfaM  nalatnra.  Under  aandltlans  of  slew 
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wlltlnf  1M)(  p«t*i»4s  daring  which  v»i«r  vaa  partiallp 
wltbhald,  raalatanea  af  plant!  to  lav  iMparaturaa  vaa  In- 
eraaaad.  Plant!  taatad  Inaludad  aartaln  rmiti«  araanan- 
talVf  TagataUa%  and  elavaF. 

Sana  Indtaatlan  that  fFoaalng  Injnrp  to  aata  aap 
ha  dapandrat  an  the  halght  af  tba  atUbbla  at  tha  tlna  af 
tha  fMona  van  natod  hp  Bavalaad  (33).  Ra  abaerrad  that 
raaaTarp  pavar  of  aata  idilati  had  boon  oat  alaaalp  )aat 
prior  to  a froaaa  waa  laaa  than  that  af  aata  eut  oloaelp 
Juat  aftor  a froaaa.  Hia  roadlnga  of  ■Inluai  dallp 
twparaturaa  Indleatad  that  whan  oarp  aald  aondltlana 
pravailad,  tha  air  batvaan  plant!  with  ralatlvalp  high 
atobbla  waa  twa  or  throa  dagraaa  waraar  than  vhara  atnb- 
bla  waa  abort. 

lilthaai^  air  toeyaraturaa  glwa  aana  ladlaatlon  af 
what  tha  aitttatlan  la  Inaafar  aa  plant!  aro  oanoomad.  It 
daaa  not  aoaoaaarllp  fallow  that  loaf  ta^paratoraa  aro 
tha  aaaa  aa  that  af  tha  onrroandlng  air.  It  la  paaalbla 
to  praaant  aanfllatlng  awldaoaa  In  regard  to  thla  warla- 
tlan  in  loaf  and  air  taa^aPatoroa,  but  ganarallp  tha 
OMfllota  ban  bo  roaalwad  bp  a atrlat  Intar^ratatlan  of 
tha  eandltlana  of  saaanranant  of  tha  ti^araturoa. 

ftalgar  (B7)  atatad  that.  In  ganaral.  planta  da  not 
hawo  tha  aano  tanparaturo  aa  tba  aurraunling  air.  Thap 
ara  vaivor  than  tba  air  whan  tha  ground  anrfaaa  la  wanar 
than  tha  lapar  of  air  lAleb  la  raattng  upon  tha  groond. 


«3 

Chi*  Mndltlon  dupliic  th«  4*7  wtasD  thara  la  a 

^alttva  radlatlan  halasoa.  At  alfht,  tOiaa  tha  radlatlaa 
halaBM  la  aacatlva,  plant*  ara  uauallp  Malar  than  tha  alri 
DiffaranaaB  batwaan  plant  and  air  taaparaturaa  dla- 
appaar  If  tha  plant  daaa  aat  aarrp  an  Ita  am  radlatlan 
azahanca*  Thla  la  tma  during  tlnaa  af  tranaltlen  fran 
poaltlT*  ta  nagatlT*  radlatlan  balanea  and  Tie*  varaa.  Chi* 
oaanra  at  azanlng  and  naming,  whan  tha  akj  la  aai^latalj 
aTareaat,  and  idtan  thara  la  rain,  drlalng  aaaw,  ar  fag, 

Thaaa  dlffaranaaa  batwaan  air  and  plant  taa^aratara*  ala* 
dlaappaar  If  part*  af  a plant  ar*  aaraanad  hr  athar  part** 
&aw  (71)  faund  that  air  tanparaturaa  In  a atandard 
inatrunant  Maltar  war*  a*T*ral  dagraaa  wamar  than  thaaa 
af  tha  laaTBB  af  tanata  plant*  whm  eondltlan*  war*  audi  a* 
ta  favar  atrang  upward  radlatlan  fran  tha  laaf.  lha**  dlf- 
faranaaa war*  varjr  mah  raduaad  tdian  tha  akr  wa*  aTaraaat* 
dm*  laaTB*  azhlbitad  undarMBllng  with  a latar  rlaa  In 
thair  tanparatura  whlA  waa  intarpratad  ta  ba  du*  ta  tha 
llbaratlan  af  haat  af  fnalan  at  tha  tin*  af  fraaaing. 

iOllar  and  Saundara  (M)  did  aen*  aarlf  wark  In 
whleh  thap  atndlad  t^varatura*  af  erap  laaT**.  nap  faund 
tiia  tanparaturaa  of  tha  uppar  aurfaaaa  of  laaTaa  af  Mm, 
Borghun,  Mwpaaa,  aarbaana,  watamalan,  and  punpkin  growing 
undar  flald  Mndltlona  In  Kanaa*  war*  apprazlnatolj  tha 
*an*  aa  thaaa  af  tha  aurraundlng  air.  Qndar  tha  *ana 
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SMidltlen*,  Ufalfa  had  a ti^aratur*  alli^tlr 

lovar  than  that  of  tha  air. 

Hasgonar  and  Sha*  (M),  In  a atodj  af  tha  ralatian 
af  laaf  arlantatlan  ta  tanparatura,  found  that  a loaf  ahlA 
naa  r*rpandlaular  to  Inaalatlan  vai  ahoM  thraa  dacraoa 
oantlcrada  vaniar  than  ana  erlantad  parallal  ta  inaalatlan. 
thalr  ahaarratlan  aa  ta  Miadlng  affaata  waa  that  loavaa 
lAleh  aara  ahadad  vara  af  tha  aana  tanparatura  an  dlffarant 
parta  of  tta  plant,  wharaaa  ttaeae  azpaaod  ta  Inaalatlan 
vara  vamar.  B^aura  naar  tha  aall  lino  *aa  found  ta  ha 
aandnalTa  ta  hli^ar  tanparatiiras  than  azpaaura  naar  tha 
tap  af  tha  plant.  Ezpaaura  vaa  abaarrad  ta  ha  nara  Ij^artant 
*h.n  plant  trpa  atnea  no  ta^aratora  dlfforaneaa  vara  ah> 
aarrad  hatvaan  alnllarlr  azpaaod  potato  and  tanata  laavaa. 

In  anethar  vark  (91)  thaaa  anthara  atudlad  dlffaraneaa 
hatvaan  plant  taaparaturaa  and  aall  tMparatnraa.  Ibap 
found  that  tanparatura  dlffaranaaa  hatvaan  plant  and  an* 
TlroiBaot  dlaappaarad  at  a dapth  af  alxtaan  aantlnatara  In 
tha  aall. 

WUaan  (98)  found  that  In  tha  aratla  tha 
dlffaranea  hatvaan  laaf  and  air  tanparaturaa  at  alddap  la 
aanaidiat  laaa  than  tha  dlffaraBOaa  vhlata  oeanr  In  taa^arato 
and  tropical  raglano. 

Klnhachar  and  Janaan  (38)  hava  advanaad  tha  Idaa 
that  tha  nlaraallnata  at  plant  laval  la  af  tha  ntnaat 
Iq^rtanea  In  atndlaa  af  viator  hardinaaa.  Along  vlth  athara 


tli«r  that  •fflelal  teapaFatars  r««arda  ar*  llaitad 

at  tiaaa  In  tbalr  applleattoD  ta  taardlaaia  loTaatlsatlana. 

Clarka  (13)  kad  arrlTad  at  tba  laB*  eanelualan  aaaa- 
vhat  aarliar  idiao  ha  abaarrad  that  alnlMB  ar  daBaflnx 
taa^araturaa  In  ardtarda  ara  nat  llkalp  ta  ba  ttaa  aa>a  aa 
tbaaa  af  tha  naaPaat  vaattaer  atatlan  ar  avan  thaaa  at  tha 
bulldinga  naar  tha  arebarda,  and  that  larga  darlatlana  Bap 
aeaop  vlthln  ana  araliard.  Ba  alao  natad  that  apparantlp 
■Inar  dlffaraaaaa  Is  arahard  altaa  >ar  hara  aanaldarabla 
afraat  an  tha  ralatlva  freadpa  ar  llabllltr  af  tha  traaa 
ta  fraat  daaaga* 

Spragna  (TB,  79}  and  bla  aaaeaiataa  hava  Bada  a 
atndy  af  air  ta^eratura  In  tha  BlaraallBata  at  aarlaua 
atatlana  in  tha  northaaatara  part  af  tha  Ihiltad  Btataa. 

Itaalr  inTaatigatlana  Invalvad  a eaBparlaan  af  ta^aratoraa 
at  tha  threa^lndi  laral  with  thaaa  at  tha  flva-faat  laral 
avar  a blnagraaa  aed.  Tha  dallr  ranga  af  tasparatora  at 
tha  lavar  laral  waa  feond  ta  ba  aanaldarablp  graatar  than 
at  tha  hl^ar  laral.  Diffaranaaa  wara  laaa  In  the  vintar 
than  In  tha  aoBar. 

Mathada  far  Pataralnlng  Cald  Dardlnaan 

Tarlana  Bathada  hara  baan  naad  ta  aralnata  planta 
aa  ta  aald  hardlaaaa.  Obaarratlana  af  a plant'a  abllltr 
ta  aurrlra  a vintar  In  tha  flald  hara  probablp  baan  naat 
aldalf  uaad  In  taatlng  far  aald  hardlnaaa.  Althau^  thia 


la  ga«d  in  flitt  It  ttati  tlanta  nadar  natural  oMditlana, 

It  haa  ttaa  dlaadvantas#  af  tba  paaalbllltT  af  lang  partada 
af  nlld  wlntara  bafara  a raal  taat  vlntar  eaeura. 

Brlfga  and  Slalnavltcta  (0,  73)  taara  aaad  par  eant 
af  aorrlTal  af  ealla  aftar  dabjdratlan  bp  plaBalpala  aa 
a eald  hardlnaaa  taat.  Hi  ardar  ta  abtaln  plaanoljala, 
tbap  aabjaetad  tlaanaa  ta  a cradad  aariaa  af  atranf  aalt 
aalntlana.  Ihap  (74)  bava  alaa  naad  daaleaatlan  taata  ta 
datamlaa  hardlnaaa.  In  thaaa  taata,  eall  aurvlval  «aa 
natad  aftar  daaiaaatlao  In  atnaapbaraa  af  aarlad  ralattaa 
holdltlaa.  A fradad  aariaa  af  aol^urla  aaid  aalutlaaa 
vara  uaad  ta  praduea  tha  dlffarant  atnaapbaraa. 

Bakal  (SS)  ballaaad  that  SlninaTltah'a  plaowliata 
natbad  Inralraa  aana  riak,  alnaa  raaolta  abtalnad  bp  Sakai 
Indloatad  that  tba  (raatar  part  af  tba  dlffaranaa  af  tba 
dabpdratian  raalatanaa,  abtalnad  by  tha  SladnaTlteb  natbad, 
vara  dna  ta  tba  Inaraaaa  la  tba  aanatie  aeaoantratiana  af 
tha  ealla  uhleh  raaultad  fran  tha  bardaaing  traatn«it, 
artlflalal  er  natural. 

Caaduetlvlty  taata  hava  baan  auggaatad  by  Dastar 
IS  al.  (IS,  17)  aa  a naana  by  whiota  planta  aan  ba  nunarleally 
ratad  aa  ta  aald  hardlnaaa.  Shay  have  aaaunad  that  tbara 
la  a earralatian  batvaan  tha  degrae  of  Injury  fran  law 
twparaturea  with  tba  asoanaala  af  alaetrolytos  aftar  plant 
oalla  hava  baan  a^aad  to  aald,  Elaatrlaal  aonduotlvlty 
naaanranwita  are  uaad  to  datamlaa  tba  anaunt  af  alaatralytaa 
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lAiali  hmT*  dlffuttd  vniward  and,  tbarafdra,  ■•tlnatn 
tba  dagraa  «f  Iniurj. 

Tba  «onduetiTlt7  natbod  ha*  baas  anflayad  bj 
maarauB  Invaattcatara  In  raaaarcdi  ioTalTing  varlaua  iTfaa 
af  planta>  Svlncla  (M)  uaad  tha  natbad  In  appla  raat> 

Btaak  taardlnasa  atudtaa<  Ba  fairad  that  tha  tiaa  af  az^- 
aura  af  taat  Mtarial  ta  law  tMyeraturaa  waa  erltleal, 
hot  that  tha  parlad  far  asaanaala  waa  nat  taa  iaqpartant* 
Stuart  (BS)  anplayad  tbia  praaaaa  ta  datandna  tba  raatp- 
racal  Influanea  af  ataak  and  aelan  an  hardlnaaa  af  appla 
traaa.  Bdcartan  (S3)  alaa  uaad  It  la  atudlaa  af  nttracaa'a 
affaet  an  aald  hardlnaaa  af  appla  traaa.  In  athar  wark 
with  waady  planta,  tfUnar  (9S,  97}  haa  adwaaatad  tha  uaa 
af  tha  aanduativlt;  aatbad  aa  a taat  far  hardlnaaa.  Sakai 
(•7)  uaad  alaatrteal  Baaaurananta  In  a atudy  af  twig 
aunrival. 

A nnnbar  afiorkara,  Ineludlng  Grandflald  (38), 

Bualka  and  Saith  (SS),  Bula  and  teith  (8),  Magaa  (54)  and 
SUkatt  (73),  haTa  uaad  tha  aanduetlvltr  nathad  In 

thalr  atudlaa  of  aald  hardlnaaa  af  dlffarant  farnga  planta. 

Oaxtar  (S3)  baa  takan  Bula  and  teith  ta  taak  far 
an  attanpt  ta  aanpara  wlntar  hardlnaaa  af  apaalaa  withaut 
dataralnlng  pareantaga  aztraetlaa  af  alaotralytaa.  Ba 
ladieatad  that  In  ardar  ta  naka  aanparlaona  It  waa  naaaaaary 
ta  allaw  far  aitraetlan  af  all  alaatralytaa  and  datamlna 
tha  paraantaga  lAlata  wara  axtraetad  fallawlng  tha  fraaalng 


traatBwt*  Daxtar  naad  a praeaaa  ahicb  lovalvad  tha  plaa- 
int  tha  tuhat  eantalnliig  tha  aaaplaa  Inta  hailing  vatar 
in  ardar  ta  astraat  all  tha  alaetralrtaa«  Balling  haa 
alaa  haan  uaad  hy  Stuart  (S3)  and  by  anaert  and  Bawlatt 
(34). 

A nnabar  of  Inraatlgatars  hara  nada  aandnetlTlty 
raadinga  af  tha  tiaana  Itaalf  rathar  than  of  aalutlana. 
ihong  thaaa  haaa  baeas  Baztor  (18),  working  with  alfalfa, 
Flllngar  and  Zalgar  (88),  working  with  apploa,  Canpball 
and  ffiiadiab  (b),  werhlng  with  grapaa,  and  Sraanhaa  and 
Daday  (30),  working  with  elavor  and  alfalfa. 

Iha  weiic  of  Sraoidiaa  and  Daday  la  rathar  Intaraat- 
Ing  In  that  it  InrolToa  roaiataneo  raadinga  ntlllalng  high 
and  law  fraguanelaa.  thla  ralataa  baek  ta  tha  aarly  walk 
af  Loyat  (45).  la  abaarvad  that  raalatanoa  daeraaaaa  at 
law  fratamolaa  with  Ineraaaad  injury  until  tha 
raalatanoa  of  daad  tlaauo  la  roaOhad,  but  that  tha  ra- 
alatanoa af  daad  and  llwlng  tlaauo  la  noarly  tha  aano  at 
high  fraquanolaa.  tuyat  workad  with  Anbmala  trlfida. 

liovla  and  Tnttla  (43)  atudlad  a nuBbar  of  planta 
froa  BUtUBD  until  aunaar  and  obaarwod  Tory  llttla  varia- 
tion Id  tha  ooneontratlon  of  alaetrolytaa  during  ^a  whola 
aaaaon. 


KUH11AL8  AMD  MBCtODS 


1W7-58 

er»ii  fwplas  war*  ottalnad  frea  plat*  af  PaDsaeala 
BiM  lyraaa  (Paaaalaa  netaf  Flaasfa)  and  Psnc*lad7*aa 
fPlgit»rl«  ilaeuabana  Stao'O  lAilA  war*  aatabllAad  in  IMS. 
Tta*  plat*  war*  an  Arradanda  laaaj  flaa  «and  an  th*  Acranaa; 
Fara,  OnlraraUr  *t  Flarida,  fialaaiTllla.  Thai*  plata  bava 
baaa  aanatantljr  aalnialaad  at  tb*  apaelflad  lavala  af 
fertUltr  *lno*  aatablldiaant.  A aprlng  appliaatlaa  af 
500  pound*  af  fartlllaar  par  aer*  wa*  appltad  In 

lata  Pabruarpt  Bqoal  applloatlen*  af  aaaanlua  nitrat*  vara 
appllad  In  Map,  Jnlp«  and  Saptaabar  to  Bahiagra**  and  In 
Kar«  Jana,  and  Jnlp  to  Pangalagraaa  at  a rat*  daal^ad  to 
proTlda  paarlp  nltragen  laral*  af  100,  and  400  paond*  af 
nitragaa  par  aora  par  paar.  A ptaatagraph  af  tta*  plat* 
taken  fren  tta*  air  1*  ^wn  in  Figure  1. 

Fran  ttaa  plat*  an  which  ttaa  teat*  war*  tvn,  *anpla* 
war*  abtalnad  bp  ranawlng  a grai^  af  plant*  with  a *pad*. 
Tta***  wtaal*  plant*  war*  tran*f*n>*d  to  ttaa  labaratarp  and 
ttaareu^lp  elaanad  with  tap  water. 

Teat  *ai*pl**  af  Bablagra**  war*  praparad  bp  ranarlng 
all  root*  and  all  rtilaana*,  aseapt  far  a ana-lnch  partlen 
*r  rtilaan*  Jnat  balaw  tta*  orown.  All  tap  grawtta  eatcndlng 
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■•ra  than  eo*  and  ana^alf  la^a*  a'bOTa  th«  erovn  waa  tliaa 
paMTad. 


Pig*  !•<— A Tlav  «f  tha  graaa  plota  takw  froa  t&a 
alp  thawing  tha  gaaapal  lajant*  Iha  waathap  atatlM  ta  in 
tha  lawap  Plght  fopagpoond. 

nia  taat  aa^laa  vara  plnaad  thpaa  tlaaa  In  delaniaad 
natap,  wpappad  In  aiiaaaaeloth  and  dPlad  bp  a allnglng 


Tha  aana  praeadopa  vaa  fallawad  far  PangaXagPaaa 
aanplaa  axeapt  that  Paata  vapa  raatovad  up  ta  tha  epovn  and 
tha  abava-gpound  growth  loft  waa  appraxlnatalp  twe  and  ana- 
half  Intbaa  in  langth. 

Knaan  and  Bllah  (39),  Id  Juatlfrlng  hardlaaaa  atodlaa 
an  erawna  af  idiaat  aald  tha  fallawing: 

tha  aald  raaiatanea  of  nalthar  tha  roata  nar  tha 
loaf  bladaa  la  a roliablt  Indax  af  tha  aald  poalatanaa 
of  tha  plant.  SurvtTal  aaana  ta  ba  aotlpaly  dapandant 
an  tha  abilttp  of  tha  arown  ta  poalat  fpaat  injnpp. 


31 


Cl*]'  did  data,  taovaTar,  that  tlM  aurvlTal  af  tha  laaf 
aastributaa  ta  tba  fUralalesj  of  eald  raalataoeai 

Bxaaplaa  ef  tha  trp*  df  oraHna  uaad  la  thla  atudy 
ara  Aavn  la  Pl^ju^a  S and  3. 


Pl«.  a.—Panataala  Bahiacraaa  erawna  uaad  In  tha 
eaadaatlTltr  taata. 


Fl(.  S.—Faagalacraaa  arawna  uaad  In  tha  eandnoo 
tlTltj  taata. 


>h«  ««re  nailed  on  • tortlon  kalane*,  and  flT« 

gram*  of  Batarlal  «or«  plaeod  in  99  s 900  ■llllaatar  toM 
tn9«*  and  lightly  earfcad.  Nina  tuhat  vara  yrafarad  far 
aadi  fartUlaatlan  traatawt  In  aadi  grata.  Thraa  af  tbaaa 
nina  vara  kayt  at  raaa  taaparatora  for  S4  haura  ta  aarra 
aa  ehaaka  idilla  tha  rvatntng  alx  vara  antailttad  ta  a aald 
traatnaDt  af  S9*  F.  far  tha  2t  haor  parlad.  tha  aald  traat* 
■ant  vaa  adalnlatarad  la  a daap  fraaaa. 

A M banr  taat  parlad  vaa  aalaetad  aa  a raault  af 
praTlant  varti  vbleb  indlaatad  that  thla  parlad  and  thla 
taaparatura  gava  tha  Boat  rallabla  raaulta. 

tha  tithaa  vara  plaaad  In  tha  fraaaar  In  voadan 
taat  ttfba  haldara.  ibata  taat  tuba  haldara  vara  plaaad  on 
a fraaaar  ahalf  banaath  ahlah  an  alaatrle  fan  vaa  aountad. 
tha  fan  pravldad  an  araa  flaw  of  air  and  Balatainad  an 
avan  t^aratura.  1 Srawn  pataotlaaatar,  oparatlng  vlth 
a tiztaaa-palnt  raeardlng  ayatoB  af  eappar-oonatantan 
tharwaouplaa,  vaa  naad  to  ttaok  tha  oalfamttr  of  tha  air 
taa^aratnra. 

At  tha  taradnatlan  af  tha  24  hanr  parlad,  90  Bllll- 
lltara  af  dalanlaad  watar  vara  dallvarad  ta  aaeli  tuba  by 
plpatta  and  a parlad  af  20  haura  vaa  allavad  far  dirfueion 
at  raea  ttaparatara. 

Aftar  tha  dlffnalon  parlad,  all  aaaplaa  vara  brau^t 
ta  and  nalntalnad  at  26^  C.  In  ordar  that  raalttanea  raad- 
Inga  aauld  ba  takn  with  a Hadal  C BMyouoce  urldga.  Raadlnga 


■f  ratlttsBM  ««p*  talcHi  m tha  aalutlaD*  fraa  ttia  tabaa* 
Ratlatanea  raadinga  vara  alae  takao  an  a aaapla  of  tka 
datenlaad  vatar  uaad  at  aaeb  taatinc  parted.  Ibla  tarred 
aa  a eiiaok  an  the  porltr  af  the  water.  A datarBLnatlan  af 
tka  aall  eanataitt  vaa  Bade  at  tha  tlaa  af  aa«ta  taat  kp  tak- 
ing a raalatanea  raadlng  an  a aaspla  af  l/SO  nanul  pataf 
aluB  ehlarida  aalntlan  and  ■altlplpliis  tkla  reading  bp  tiia 
tpaalfla  aandaetirltp  af  ike  aalntlan. 

Spaaifla  eonduetaaaa  af  tka  aai^lea  vat  e«Bpntad  bp 
dlrldlng  tka  niabar  abtalnad  aa  tha  aall  eanatant  bp  tha 
■aaanrad  raalatanea  af  tka  au^la. 

After  tha  raadinga  ware  abtalnad,  all  planta  fraa 
tka  ekaak  tubaa  af  aacii  fartllltp  laral  In  aadi  cfaaa 
ware  nlxad  tagatkar  and  a randaa  aanpla  af  10  planta  waa 
drawn  fran  aaak  af  theaa  granpa.  Ikla  aanpla  waa  planted 
In  the  graanhauaa.  13ia  aana  praaadura  waa  fallawad  with 
tha  treated  planta.  A parted  af  21  dapa  waa  allawad  ta 
alapaa  and,  at  the  and  af  thla  pariad,  tha  nukbar  af  llrlng 
planta  waa  aaeartalnad.  At  naA  fartllltp  laral,  tha  par 
aant  aurrlral  rapraaantad  the  paraantaga  af  llrlng  treated 
planta  after  21  dapa  grawth  la  tha  graaidtauaa.  Iha  nunbar 
af  llrlng  dtaek  planta  waa  e^raaaad  aa  100  par  aant. 

In  ardar  that  hardlnaaa  nl^t  be  eaaparad  ta  taapara* 
tura,  dailp  raadinga  af  tha  naxlaiun  and  nlnlaim  taaparatura 
ware  abtalnad  fraa  tha  weather  atatlan  laoatad  an  the 
Agranaap  Van.  Ala  atatlan  waa  laaatad  within  a few 
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hunArsd  f»*t  «f  tli*  grata  plata.  fba  raadlaga  vara  takas 
with  (hiltsd  Stataa  Waatbar  Boraau  ureurj  tbairoatara  Is 
atandard  Aaltara  at  tha  standard  balji^t  of  fiva  faat* 

Purthar  tas^ratura  obaaka  vara  sada  Is  a farallal 
atsdj  at  tba  nlaraalisata.  IbiB  atadf  aas  aarrlad  an  Is 
tba  grass  plat  araa  and  anaaspassad  saat  at  tiia  dapa  lAw 
Tary  aarara  said  aandltlans  axlatad.  Dataa  af  absarratlas 
vara  abaaas  arbitrarily  is  a fav  sasaa,  bnt  tbay  vara 
ganarally  salaatad  as  a raanlt  at  varsisgs  fras  tba  waatbar 
bnraau  as  ta  aspaatad  said  vaatbar. 

Tartiaal  lavals  af  abaarvatian  iseludad  saasurs- 
SMta  at  sail  sarfasa,  tbraa  Inebat  la  air,  IS  Isotaaa  is 
air,  and  fiva  fast  is  air. 

tbs  taaparatsraa  vara  saasurad  vitb  tba  Bravn 
patastloaatar  praTlaaaly  daaertbad.  Rila  Inatrasast  vaa 
aasaaetad  ta  tbarssaauplea  vbleh  vara  sauatad  as  a pala 
at  tba  baiibta  at  vhleb  ta^r*nturas  vara  raaardad.  Uias 
air  t^aratnras  vara  Baatnrad,  tba  tbanaaanplas  vara 
Aleldad  by  alnslBiiB  abiald  plataa.  Xba  Isnsr  sarfaaaa 
af  Uiasa  plataa  vara  paintad  vitb  a flat  blaA  paint  sa 
that  tba  tiiarsaeasplaa  vara  salstaisad  at  air  tai^araturai 
Sail  surtaaa  tMparataraa  vara  raaardad  by  plaalsg  tba 
tbarsoeanpla  in  aaataet  vltt  tba  sail  snrfasa. 

Calibratian  ebaaka  vara  sada  fras  tlsa  ta  tint  by 
plaalsg  all  tba  tbanweat^laa  in  vatar  ar  karaswia  at 
TariauB  tasparatnraa  and  ataadclsg  -%iia  raaardad  tai^tratura 


w 

Bcalnit  th«  r*ftdlst  «f  a ttaitad  Statas  Waaitaap  Boraau 
tliat«wwtar. 

Tha  ehart  spaad  af  tha  raaardlng  tnatruaant  waa 
■at  at  riva  Ineba*  par  Hour.  Ilia  taaparatura  >aa*iirad  ky 
aaA  tharBeeanpla  vaa  raaardad  oaea  avai7  at^t  Blaataa. 

19B8-69 

Tha  asparlaant  Tar  thla  raar  waa  4aal«iiad  aa  that 
a atatlatleal  analrata  eaulii  ha  aada  aT  tha  datB4  thia 
aaaljala  waa  baaad  an  tha  aathada  af  Snadaaar  (77).  A 
■pllt>apllt  plat  daalSB  waa  uaad  la  «Al<ta  tha  aala  plata 
wara  eartala  parlada  af  tha  aaaaaa,  auhplata  wara  tha  two 
graaaaa  atndlad,  fPaaaalua  natatua  Pluwa  aad  B<ri*afia 
AasUBblOE  *taat»)a  and  aub-aahplata  vara  tha  two  fartllitp 
lawala  whieb  laaludad  100  aad  400  pauada  af  altragaa  par 
aara  par  paar  raapaetlvalp. 

thraa  rapllaatlaaa  wara  laaludad  la  tha  axparlMot 
aad  aa^laa  wara  rtaaTad  fraa  aaah  aanaaeutlwalp  with  a 
sraap  of  thraa  dataa  af  aai^llBC  eeaatltutlag  a parlad. 

Sa^laa  upea  which  aaudBetiTltr  raadlaga  wara  da- 
taralnad  wara  praparad  la  tha  aaaa  Baanar  aa  prawlaaalp 
daaerlbad  far  tha  1967-08  azparl«aat»  axeapt  that  aacb  taat 
tuba  aaatalaad  plaat  aatarlal  aaaplad  fraa  a dlffaraat  araa 
af  tha  aaaa  traataant.  Six  aaaplaa  wara  rauawad  fraa  aach 
af  tha  two  craaa  apaalaa  and  farttlltp  lavala  aa  aacta  taat 
data. 


Ccrtkta  wdtfleattont  **r«  sad*  in  th«  proeadnra 
In  tbat  aftar  raalatanaa  raadlnia,  fallawlnc  tha  fraatiac 
traataant,  vara  takaa  an  tha  aalntlaaa,  tha  eantanta  af 
tvo  tuhaa  vara  aa^aaitad  and  plaaad  In  a Harlnc  Blandar  In 
vhieh  tha  aatarlal  vaa  ground  until  a boBaganaens  nlgtnra 
vaa  abtatnad.  Thla  nlxtnra  waa  than  flltarad  thrani^  a 
Biinhar  ana  Uhataan  fUtar  and  a raaiatanaa  raading  vaa 
takan  on  tha  flltrata* 

An  avaraga  af  tha  raadlnga  far  tha  thraa  aata  af 
tvo-tuba  awpaalta  aaaplaa  vaa  ahtalnad  and  fran  thia  tha 
apaalfla  eandaetlTltr  vaa  aalaolatad.  thla  flgnra  vaa 
iak«i  ta  ha  tha  total  eondnetiTltt  far  tha  graaa  fraa  that 
partianlar  fartUltr  laral  an  that  partleular  taat  data. 
VtillalBg  thia  Bunhar  and  tha  apaalfle  oanduattvltr  datar> 
■load  far  tha  Individual  aa^plaa  fallovliig  tha  fraaalng 
traataaatf  tha  par  oent  af  tha  total  eanduotivltr  *aa  da- 
tamlBod  far  tha  varlaua  aanplaa.  An  avarago  af  thaaa 
valnaa  for  par  aant  af  total  eanduetlvltp  vaa  ahtalnad  and 
uaad  aa  tha  valua  far  tha  partlaular  fartUltp  laval  an 
tha  partlaular  data  In  tha  atatlatloal  analpaia. 

Par  OMit  of  total  aonduatlvltr  vaa  datoralnad  in 
ardor  that  tha  tve  graaaoa  night  ha  OMiparad  and  that  tha 
tvo  fartUitp  lavala  al^t  alae  ha  oonparad. 

DataiBlnatlona  af  total  oltragan  eantant  vara  nado 
on  part  af  tiia  natarlal  ahtalnad  far  aadi  aanpla.  lhaaa 
dotamlnatioBB  vara  aada  far  tha  laat  flvo  parlada. 


■Itragw  BBsljrils  by  tba  Kjaldahl  (1) . 


NltMfu  Mntairt  vaa  aXaa  datanlnad  an  aaaplat  af 
faraca  fraa  aaA  ellyptnc  data  during  tha  aioaar  af  1M8. 

tlald  data  >ara  takaa  at  aaeb  eltpylag  data  during 
ttaa  auBar  af  1*58  and  at  tba  flrat  ollyplng  data  far  1058. 

Tanyaratura  Manuraaantt  la  tha  uiaroallaata  vara 
takan  In  tba  tana  nannar  aa  far  10S7-B8  aaeapt  that  fanr 
rayllaatlana  vara  uaad.  falaa  vara  aat  up  at  aaah  earaar 
af  a faur  faat  aqnara  at  tbevn  in  Plgura  4. 


Fig.  4.—Tnaratura  InTaatlgatlana  la  tha  alara> 


ellaatai 


1967-eS 


en— tta  aartwm  1M7-M  »«.—■■ 

Tha  ellMtla  data  far  tha  19S7-S8  aaaaaB  ara  amt* 
aarlaad  la  Tabla  1.  Ihar  wara  abtainad  freai  ttaa  aaatbar 
statiaB  laeatad  an  tlia  Agranaar  Para  twa  and  ana^alf  ailaa 
frMi  BaiaatTllla  Plarlda  la  tewnahlp  10  (aaaUi)  Ranca  10 
(aaat)  Saatlan  It.  tha  axpaaura  la  avar  llsht  aandj  aall 
an  aadarata  law  (raaad  ia  (antlt  ralltac  aountry.  Expart- 
MOtal  Plata  ware  laeatad  appraxlaatalp  100  parda  aarth  af 
thla  atattaa  at  a allglitlp  lawar  alawatlea. 

tlSLB  1 


CLDUKnOOICAL  DAU  1007-08 

AGBOKOMY  FARM.  GAINESVILLE.  FLOniDA 


Sata 


Avarafa  taMaaratura  Praelpltatloa  latal  Wind 
Haa.  Mia.  Maan  total  HawaMBt 
(*  P.)  (•  P.)  («  P»)  (laahaa)  (miaa) 


Oat.  1-7  61.1  84.1 

8-14  80.7  08.7 

16  -.81  88.0  81.7 

82-88  78.0  03.0 

20  ^ar.4  77.4  47.1 

Haw.  0-11  78.3  01.3 

18-18  88.6  01.4 

10-80  70.7  07.8 

80  -Daa.8  71.0  40.8 

Oae.  3-0  00.7  40.0 

10  - 10  01.0  30.0 

17  - 83  73.0  48.3 

84-30  73.0  08.0 


78.0  1.81  170 

00.7  0.01  330 

71.0  0.00  330 

03.0  0.18  300 

88.3  0.00  160 

03.8  0.18  306 

78.8  0.74  886 

80.7  0.73  39B 

68.1  0.53  336 

53.8  0.70  300 

46.8  0.07  446 

00.0  0.00  340 

03.0  0.04  805 
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Tb«  1967»U  UftMa  wt  prebabl}'  oo«  af  tti*  Mat 
dlaaitrona  ta  Flarlda'a  afrianltura  la  ttia  twantlatb 
eaaturr,  Paatora  fraaaaa  vara  autjaatad  ta  ra^atad  fraaaaa, 
azaaaalTa  rain,  and  ltl«h  wlnda.  Tbaaa  liraiii^i  a^ut  aarara 
laaaaa.  Daaanbar,  Janaarr*  and  Fatooarr  ara  allagad  ta  bava 
baan  tbt  ealdaat  aaaaaaiitlTa  ibraa  aantba  vbleii  hava  avar 
baan  azparlanaad  In  FXarlda>  Itaa  aavarltr  af  tha  wlntar 
aaoaad  tba  bardinaai  aqpariaant  ta  ba  abandanad  In  Daeanbar 
baaauaa  af  tba  axtanalva  danaca  daoa  ta  tba  top  sravtb  of 


n>o  data  far  Bablafraaa  ara  awnarlsad  in  Tabla  S. 
Thoaa  data  indlaata  tbat  durin<  tba  flrat  tbraa  abaarvatlan 
datoa  fraatar  taardlnaaa  axiatad  In  tiia  planta  fartiltiad  at 
tba  400  pound  laval  af  nltrasaa.  In  oonaidarinc  thla,  ana 
■ifbt  taka  into  aaaannt  tba  faat  tbat  no  aaaara  tai^aratoraa 
vara  azpartanead  In  tba  perlada  praaadlnc  tbaaa  ebaarratlena 
azaapt  durlnc  a rtiort  tiaa  bafara  tba  obaarratlon  nada  an 
Doaanbar  6.  Hio  srapb  la  Ftsara  0 vUl  brlnt  ibla  platara 
■ora  Oloarlp  lota  faoua  and  vUl  balp  ta  a^laln  vhat 
oaaurrad  an  tba  data  af  tba  laat  obaamtian  of  tba  azparl- 
■ant.  Xhla  laat  obaarratlon,  nada  an  Paeoabar  10,  Indlaataa 
tbat  aU^r  daxraa  of  aald  hardlnaaa  waa  than  paaaaaaad  bp 
tba  graaa  cram  at  tha  100  pound  laral  of  nltracan.  Xha 
faat  tbat  tbla  lator  obaarratlon  ttiava  a rararaal  af  tha 
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•Itutlon  vhleh  pr*Tbll*d  In  tli«  Mrliar  otiarmtiMi 

Bijlit  mil  b«  due  te  the  period  of  loo  te^eretoree  ohlab 
vere  e^erleneed  Jnot  prior  to  the  loot  ebiorratton  date. 
tABLB  3 

ATSABE  SPECIFIC  COHDtKXmn  TALCES  POE  PBISACCU 
EAHIABMSS  AID  PAWOLASRASS  AT  LsmS  OP 
100  AID  400  P00KD8  OP  XmoCEN  PER  AOB 
DDHHK  SHE  1957-S8  SEASON 


Field 

Sapling 

Date 

(Mioa  z 10-B) 
100  400  100 

400 

Ooteber  81 

Ts.se 

T3.7S 

B0.04 

40.67 

Movabor  S 

48.18 

67  .68 

47.88 

38.80 

Dooaber  0 

SO.ll 

B1.81 

40.88 

89.07 

Doeabor  IS 

16  .SI 

13.86 

34.80 

38.70 

It  lo  noted  that  ohtle  tbere  le  a oentlnued  do- 
ereaee  In  tbe  oonduotlTltr  of  the  sanplaa  fron  the  100 
pound  loTol  lAltii  would  indioato  a trond  toward  laereaolnf 
oold  bardlnooa  throughout  tho  winter,  the  oppoilte  aaeae  to 
ho  truo  for  tho  graot  grown  at  tho  400  pound  lorol.  In  the 
later  eaoe  the  trond  aoeno  to  bo  that  of  a deoroaolng  dagroa 
of  oold  hardlnooa  threugheut  tho  aoaaon, 

Tory  aoToro  oold  uoather  In  Deoonbor  duugod  tho  top 
growth  of  ai  of  the  graao  to  onoh  an  extont  that  the  osporl* 
■ant  waa  auapended  on  Doooabar  IS. 

SnrrlTal  peroantagea  are  glyan  in  table  3.  These 
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T4lv«i  mra  far  tii*  plants  wblA  ware  plaead  la  the  graan- 
hansa  aftar  balng  subjaatad  to  tlia  eold  traatMat*  If  tha 
Talnaa  far  aarTlTal  parontaga  ara  asaparad  with  thesa  far 
apaalfla  aa»duetlTltr>  ana  aar  saa  that  vary  gaad  agraaaaat 
la  abtalnad  Inaafar  aa  thalr  ladlTidOal  Indloatlan  af  tha 
dagraa  af  aald  hardlnaaa  haing  aAlhltad  hy  tha  plants  at 
a partlealar  tins,  ttasa  figuraa  plans  an  Inaraasad 
wphaals  an  tha  fast  that  at  tha  400  pennd  laysl  af  nltro- 
gan,  Bahlagrasa  appaarad  to  ha  dsoraaslng  In  aald  hardlnass 
aa  tha  wlntar  pragraaaad. 


FartUlty  SorrlTsl  Spaeifle 
Data  Sraaa  Lawal  Paroantags  Candnatlilty 

(lha.  M/k) (Miaa  « IQ-S) 


Oet>  21  Bahlagrasa 
Bahlagrasa 
Pangalagrass 
Pangalagraaa 
Bahlagrasa 
Bahlagrasa 
Pangalagraaa 
^a^lagraaa 

Bahlagrasa 
PangalagraaB 

PanMlagraaa 
Dsa.  10  Bahlagrasa 
Bahlagrasa 
Pangalagraaa 

Pangalagraaa 


Kav.  0 


Baa.  4 


Paraga  ylalds  and  wlntar  Injary  data  ara  glraa  la 
Tahls  4,  Thasa  data  Indleata  that  by  tha  nlddla  af  April 
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no  winter  tojai?  woo  orldut  In  Bohlecnoo.  Totol  rlelda 
for  the  prevleuo  rear  are  ciwen  in  order  that  oene  oeaparl> 
eon  Bay  l>e  Bade  between  thea  and  the  data  given  for  the 
flrat  euttlng  roUeuing  the  winter.  It  ia  believed  that 
data  for  thla  rirat  eatting  would  give  Mre  isdleatim  of 
winter  daaage  than  froB  any  other  outtiag.  Tielde  are 
higher  at  the  400  pound  level  ao  would  be  eq^eeted.  During 
the  auBBor  of  1S57,  the  total  yield  at  the  400  pound  level 
of  nitrogen  waa  S.3  ttaea  that  at  the  100  pound  level.  On 
the  flrat  outtiag  date  in  1»B8,  the  yield  at  the  400  peund 
level  waa  S.O  tinea  that  at  the  100  pound  levol.  Chla 
would  tend  to  Indloate  that  there  waa  no  dlfferenoe  be- 
tween fertility  levela  in  the  ability  of  the  graaa  to  aur- 
vive  the  winter. 


PaBjelaeraae 

the  reaulta  for  Pangolagraaa  are  auBBarlaed  In  Table 
8 and  Figure  0.  Conduetlvlty  valnea  were  hi^er  during  the 
flrat  three  datea  for  aanplea  of  graaa  froB  the  400  pound 
levol  of  nitregan  and  lover  for  thoae  aanplea  fren  the  100 
pound  level.  Thla  would  Indleato,  of  eourae,  that  oold 
hardineaa  at  thla  tine  waa  greater  In  the  graaa  at  the  lever 
fertility  level.  On  the  laat  obaarvatlen  date,  Deoenber  16, 
the  raverae  la  true,  but  the  dlfferenee  in  the  eonduotlvlty 
valuea  for  the  aa^lea  at  the  two  fertility  levela  ia 
oxtroBoly  Mull.  Inaofar  aa  the  relative  oold  hardineaa  of 
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th«  two  ftrtllltr  ia  oonearnad,  oaa  ean  aaa  that 

Mnditlaaa  vhioh  exist  1b  Pangolagraas  ap#  Juat  ttaa  rtxaraa 
af  Hbat  na  found  to  ha  traa  of  Babiasrasa. 

Exoapt  for  tho  all^t  Inoroaao  In  rostatanoa,  ohar- 
aotOFiaad  hy  tha  fall  in  oonduotivltr  of  tho  aai^laa  fraa 
tho  400  pound  lOTOl  00  the  aaooiid  ahaorratloo  data,  Noroa- 
hor  B,  thara  appaara  to  ha  a aoDdltioD  la  ahloh  thara  la 
ooBtiimad  daoroaaa  to  eold  hardliiaaa  thrau^out  tha  aaaaea 
at  hath  fartUlty  larala  nntll  tha  alddla  of  Saoaohar.  tha 
laat  ohaarvatlan  data,  hovorar,  toova  that  an  tooraaaa  to 
oald  bardtooaa  at  hath  larala  oooarred.  thla  altoatlM  doaa 
net  parallol  that  ohaorrod  to  Bahlacfoaa  at  all-  tha  ona 
point  OB  ataleh  thorn  aaaaa  to  ho  a llkaBsaa  la  that  for 
hoth  KPaaaoa  tho  oonduotlTltlaB  of  tho  saaploa  froa  tho 
two  fortUltr  lorala  do  approath  tha  aaoa  valna  on  tho  laat 
ohaorratloD  data  whan  a porlad  of  oztraaoly  low  toapora- 
tnroa  had  just  prorlonaly  aeonrrad. 

tho  oold  hardtoaaa  atndloa  waro  auapoodad  to  haoaa> 
har  haoanaa  of  aoToro  waathor  wfal«b  daatroyad  tha  top 
(revth  of  tho  fraaa. 

Data  toowtog  tha  aaouat  of  aurrlval  of  planta  plaood 
In  tha  groanhonaa  are  glTso  to  tahla  3.  Shay  liidleata  that 
tho  (TBBa  was  laddng  to  oold  hardtooaa  until  about  tho 
alddla  of  Dooaabor.  tola  abawa  rathar  good  agraeaent  with 
tha  liifaraatlon  obtatoad  froa  BoaBuraaonta  of  apaolflo 
ooDduetlTlty- 


4 Matklua  jrl«14  data  aad  ••tiaatlant  af 


4T 


wlBtar  injorr.  Hlatar  lajorj  aa  dataiwlnad  la  Ajrll  waa 
rathar  aarara  at  tath  larala  af  farttllty,  tat  It  «aa 
ataut  thraa  tlaaa  aara  axtwalTa  at  tba  bli^ar  rata  af 
nltracan.  Hlatar  aarvlval  eafarlaana  af  haifalasraaa  ara 
(IvM  In  Fifura  7. 


Fl4.  r.o-Cei^anami  af  vlntar  aurrival  af  Pangala> 
craaa  at  tha  tva  rataa  af  nitracaa  fartlltaatlaa.  Sarara 
vintar-kllllnt  la  indlaatad  at  tha  hlj^ar  rata  af  nltrafMii 

In  tka  auMBar  af  1BS7,  tba  jiald  af  Pantola«raaa 
at  tba  400  pannd  laral  af  altrafan  «aa  l.B  tlMa  that  at 
tba  lOO  paiiiid  laral.  On  tba  ftrat  anttinc  data  in  IBSS, 
tba  rlald  af  Pancalagraaa  at  tba  100  faund  laral  «aa  4.t 
tlaaa  the  rlald  af  Pangalagraaa  at  tba  400  famid  laral. 
Thin  la  tha  raault  ahlta  eaald  ba  dlraatljr  attrltatad  ta 
vlntar  laJiuT  alnaa  tha  aatlnatad  vlntar  InJniT  at  Uia  100 
pauad  laral  af  oltracan  vaa  M.T  par  aant  aa  eanparad  ta 
80.0  par  aant  at  tba  400  pound  laral. 


mt  lt57^  t 

Stadias  «f  Mid  lurdlnass  In  PansaMl*  SaUocrass 


and  Pancalasraat  at  faptllltj  ratal  of  IDO  and  400  poundi 
If  nltragan  par  aara  par  paar  vara  aaoduetad.  ihaia  atodiai 
uttllaad  tha  alaatrlaal  aandnetlrltp  aattaad  adTanaad  Pj 
Daztar  (IT).  Graanhaaaa  itndiai  af  nirTlTal  aftar  fraating 
traataant  aara  naad  to  ahaak  tlia  ralidltp  af  tlia  aoBduetlTltp 
tasti*  Clljutia  data  fraa  tha  waathar  atatlaa  laeatad  an 
tha  AgTHiaap  Fan  vara  aaaiurad  and  praaantad. 

Haaturaaanta  af  ipaalfla  aanduetlTltp  ladlaatad  that 
during  OataPar  and  Kevaabar  and  tPa  aarlp  part  af  DaeaaPar 
tPa  graatar  dagraa  af  Mid  hardlnaia  «ai  aihlbltad  at  tha 
400  pound  laral  In  Bahlagraaa  and  at  tha  100  pound  laral 
In  Pangalagraia*  Fallavlng  a parlad  af  lav  taaparaturaa 
In  aarlp  DaaaaPar,  tha  dagraa  af  Mid  hardlnaia  undar  tha 
twa  fartUltp  lavals  appaarad  ta  ^praaeh  a^oal  valnas  in 
aaeh  graai  Pat  nat  Patvaan  tha  tva  graiaai. 

Slnaa  tha  a^arlnant  van  tamtnatad  In  nld^aaaaPar 
anlp  trandi  can  Pa  abaarvad.  It  appaara,  havsTsr,  that 
idiM  tha  tasting  Maaad,  Bahlagraii  «as  inaraailng  In  Mid 
bardlnaii  at  till  100  pound  laval  af  nltragM  and  daeraaiing 
at  tha  400  pound  laral.  Pangelagraia  appaarad  ta  Pa  In- 
araailng  la  Mid  hardlnaia  at  bath  fartllltr  larals.  Tlald 
data  takan  in  tha  spring  af  loss  Oavad  that  vintar  Injurp 
was  appraxinatalr  aqnal  at  tha  tvo  fartllltp  larala  in 
Bahlagraaa  bat  that  it  vas  Mnsidarablp  Bars 


aarara  at  tha 


400  pound  loTol  In  Ponfolograao.  nio  lator  otatwont  to 
In  axrooMnt  vltii  tho  finding!  of  Croat  (IS)  uho  o'boopTod 
tSot  PangolagraO!  «ao  Ineroatlnglr  Injurod  oold  with 
Incroasod  ratoa  of  nttrogoa. 

Hood  agroopont  oas  obtainod  botooon  tbo  alooirtoal 
oondnotlTltp  toota  and  tho  anrTiTal  otudloa  eairlod  out  In 
tho  groonhouM. 

IMS-50 

tlllitll  .titrtM  thm  10*0-00  — 

Ttao  ollaatto  data  for  tbo  10S8-BO  ooaaon  aro  oun- 
■arliod  la  Tablo  S.  Thoj  voro  obtalnod  froa  the  ooathar 
atation  looatad  on  ^o  AgronMv  Fam. 

no  wlnioF  vas  ratlior  nlld  but  aonavhat  daap. 
Copporatoroa  droppod'  Into  tha  lav  tblrtioa  onlp  about  half 
aa  ofton  aa  In  tbo  prooodlng  vlntor.  Tho  firat  froaatng 
tonporatuFoa  did  not  oeour  until  ttao  laot  dap  of  lOToMbor. 
RiotogFapha  of  tbo  flrot  froat  and  Ita  offaota  aro  glTon 
In  Flguroa  S and  0«  no  nlddlo  of  Doeanbar  vaa  rattaor  oold 
vltta  aoveral  froata.  Januarp  vaa  rolattvolp  oold  and  ttao 
aoaaon'a  lava  voro  roeorded  In  ald-Janttarp<  Fobruarp  vaa 
allgtatlp  vatpor  than  nonul.  Martft  had  a fov  oold  nl^to. 

Proelpltatlon  vaa  about  nonul  until  Fobruarp  utaan 
It  bogan  to  Foaah  proporttona  far  abOTo  neraal* 


no  o^arlnontal  aaphaala  for  1068  vaa  plaoad  on 


w 

tlM  r«nilt«  iDdltatad  jpM*  eut  of  totol  eondnetlTitr. 
■owoTor,  in  ordar  that  aaM  aoqariaen  ni|bt  ha  nada  ha- 
twaan  tha  raaolta  of  tha  t*e  aaaaona^a  idiart  raaaaa  la  clTan 
eanearnlnc  tha  oandnetiTitf  raluaa  ahtainad  dnrtax  tha  part 
of  the  aaaaeD  ohleb  earraapenda  to  that  of  tha  19S7-S8  aaa- 
aon.  Tbaao  data  are  aiHariaad  in  lahla  6 and  Fijiora  10a 

Tiitr.a  s 
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Fif.  S.-^lr*t  klUlBS  fraH  la  1»B8>S»  anMD. 


Plf4  plot*  tbraa  day*  after  fraat  ple- 
turad  a^va. 

SlBllarltlaa  durlag  tha  twa  aaaaone  aay  ba  aaan  br 
aosparlag  Plfuraa  S and  10.  It  la  to  ba  notad  that,  durlnf 
both  aaaaooa,  tha  craat  cram  undar  tha  400  pound  laval  of 
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nltr«g«i  appaari  t«  potaaaa  th*  grMtai*  dagra*  af  eald 
hardlnaaa.  ti  la  Intaraatlug  te  aata  tb«t  aandnatlrltlaa 
ara  aanaldarablj  >■<£*>»»•  la  ganaral  far  tha  lMB-60  taatan 
«h«ii  far  tha  1967-68  aaaaan.  Ihla  hl^iar  oaadnatlTlt;  waald 
iBdloata  a laaaar  dagraa  af  hardlaaas  far  tha  grait  at  hath 
fartmtr  laTala  daring  1968-59.  Tha  dlffaraaoa  In  aald 
hardinaaa  eaold  ba  doa  to  tha  dlffaranaa  in  tha  vaathar 
eandltiaDi  af  tha  t*n  /aara.  Inathar  dlffaranaa  batvaan 
tha  twa  aaaaaaa  la  that  In  1968  thara  la  graatar  aarlatlaH 
batvaan  raadlnga  far  tha  Tarlaaa  abaarratlaa  dataa.  It 
alaa  appaara  that  la  1968  tha  tva  fartllity  larala  praaaat 
tha  tana  tandaoay  ta  vary  in  hardinaaa  rtiUa  In  1987  tbay 
ara  dlraatly  appaaad  In  thalr  tandaney  ta  vary,  tha  anil 
nunbar  af  abaarratlana  in  1967  nay  aaaaunt  far  thla  lator 
dlaarapanoy. 


As  In  tha  eaaa  af  Bahiagraaa,  tha  oMiduatlTlty  raad- 
lnga an  Pangelagraaa  far  tha  parlad  aarraapandlng  ta  that 
of  tha  pravlana  aaaaan  will  ba  dlaeuaaad.  Thaaa  data  ara 
annnarlaad  In  Tabla  7 and  Figaro  II. 

WbM  the  graphs  In  Plgoras  8 and  11  ara  aaaparad, 
ana  absarvas  that  during  bath  aaaaeas  graatar  oeld  hardl- 
naas  la  avldant  in  tha  grass  grown  at  tha  100  psond  laval 
af  nltragan.  Cto  graatar  aonduatlvlty  valaas  abaarvad  In 
tha  1968  aaaaan  far  Pangolagrass  at  bath  fortuity  larala 
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lii41«stt  ttaat  hardlasM  vat  graatar  during  ttaa  1BB7  taaton. 
Iha  dlffaraaav  In  bardlnaia  la  probablg  dna  ta  tiia  dlf> 
faranaa  In  waattaar  aandltlant  In  tha  tva  raa****  It  ■■7  'Ba 
wall  to  nata  that  thla  altnatlen  haU  trao  far  Balilagraaa 
aa  wall.  In  gaaaral,  it  ean  ba  aald  that  thara  la  not  any 
larga  dlffaranaa  In  tha  traoda  Indleatad  hr  ttaa  two  graptaa. 

■ .Fdtjiaaa  ..  ti>  aar  aan*  af  tadal  oamnotlTltT 

Aa  proTiaualy  atatad,  ttaa  taardlnaaa  atudy  dnrtng 
ttaa  fall  and  wlntar  af  19SB-S9  waa  baaad  on  a datamlnatlan 
of  par  eant  of  total  aonduatlaitr.  tha  atudy  waa  dlwldod 
Into  alx  parloda  with  aatta  eenalatlng  of  ti>rao  obaoraatlon 
dataa.  Thaaa  data  ara  aunaiarlaad  In  tablaa  6 and  7 and 
Flgura  19. 

ttaa  data  glTon  In  labia  6 Indloata  that  thora  waa 
a dlffaranaa  In  ttaa  hardlnoaa  of  ttaa  two  graaaaa  atudlad 
and  In  ttaa  hardlnoaa  aAibltad  at  ttaa  two  fartlllty  lorala. 
Ttaa  tntoraetlona  Aaw  that  ttaaaa  diffaroneoa  warlad  with 
ttaa  parloda  and  with  ttaa  graaaaa. 

In  Flgora  1^  waluaa  of  par  eant  of  total  oo»duo> 
tlvlty  ara  praaantad  far  tha  warloua  parloda.  Ono  nay  aaa 
freai  ttala  graph  that  during  tha  graatar  part  of  ttaa  aaaton 
ttaa  hi^aat  waluaa  ara  edilbitad  by  Pangolagraaa.  Hl^ar 
Talnaa  for  par  eant  af  total  oonduotiwlty  Indloata  laaa 
oeld  taardlnaaa  In  ttaa  planta. 

Slnea  tharo  wara  Intoraotlona  batwaan  graaaaa  and 


V«rtod*  and  batvMn  fartilltr  and  perlada,  tba 

varlaaa  periods  have  baeo  analraed  saparatelp  utlllaijig 
iraeaat  as  aaln  plats  and  fartilltp  levels  as  subplots. 
SlfnifleaBt  latoraetleBS  vare  found  to  exist  botvoon  periods 
and  (Fassoa  and  bstvasn  periods  and  fertllltp  lorels.  Ke 
dlfroreneo  In  tlie  sold  hardiness  of  either  grass  at  either 
fortllltr  level  oonld  bs  detaetod  br  the  analpsis  InooBueh 
as  porlodle  dlfferoooes  in  aaA  Individual  entitp  are  eon- 
oomod. 

U£U  8 

AXAUrSIS  CF  TARIAMB:  FBI  OSKI  OF  lOUL  OOHDODTimiSS 

OP  two  IHU8SSS  IH  KiOH  OF  SIX  PBRIOD8  AS  AFFICIB)  BT 
PBRtn.ITT  tRBUHBft  DOBim  18S8-SB  SEASON 


Ha  in  Plots i 
Roplleatlons 
Periods 
Error  (a) 


Subpletsi 
Grass 
6 X P 
Error  (b) 

Sub'SUbplOtSS 
PertllltT  lovsls 
F X P 

F X 6 
F X P X 6 
Error  (e) 


total 


Sun  of  Kean 

D»F»  Squares  Square 


S 73.99 

B 98.88 

10  8,5S8.S4 


1 11^885.70  11,860.70** 

0 1,991.78  398.36** 

18  998.88  88.74 


1,483.10  1,483.10** 

780.09  164.08* 

411.38  411.38** 

609.18  101.88 

1,090.64  46.88 


71  81,808.78 


*Slgnlfloant  at  6 per  eent  level. 

**SlgBlfleant  at  1 per  seat  level. 


Xba  uialyil*  t»r  U>«  first  j^rlod  li  cItmi  In 
TaUs  0.  FrM  that*  data  and  fraa  tha  crapb  In  Figure  13 
It  !•  pesalUa  te  dataralDa  that  In  Saptaahar  graataat 
hardlaasa  vaa  aAltaltad  hj  Bahlagraas  at  the  400  paund 
laral  af  nltrogaai  1 lover  dagraa  of  bardlnaaa  la  adllhltad 
1>7  Bahiagraaa  at  the  100  pound  laral  • During  this  parted, 
Fsngalagraas  was  also  Bara  hardp  at  the  400  pound  laral  af 
nltragM4  On  the  third  ahsarratlan  data  af  the  first 
period,  the  hardlnsss  af  Pangelagrasa  at  the  400  pound  laral 
appeared  to  ho  greater  than  that  of  Bahlagrass  at  the  100 
pound  larol4 

During  ths  aooond  porlod,  ths  analrals  of  «hleh  la 
giren  In  tahlo  10,  than  vaa  a hi^ilj  signlfloant  latar- 
aotlan  hstvsan  graassa  and  fartllltr  larslS4  For  further 
elarlfleatlan  of  the  plotora,  the  tve  grasses  vara  analruod 
sapaTatslp  In  a randonlsad  bleek  design.  Ths  data  are 
giren  In  tahlas  11  and  13  far  Pangalagrass  and  Bahlagrass 
raapsetlrslj.  He  signlfloant  dlffsronosa  sera  found  ha- 
tvsoB  fartUltp  Isrsla  In  Pangalagrass,  hut  tho  epposits  vaa 
tins  for  Bahlagrass 4 Fran  Figure  18  ana  abserras  that  bf 
far  the  greatest  dagraa  of  hardiness  vas  shavn  at  this  tins 
bp  Bahlagrass  at  the  400  paund  laral  of  fartllltr.  The 
Indloatlans  fron  the  graph  are  that  sonevhat  tha  sans  rala- 
tlonAip  azlstad  betvean  tha  100  pound  laral  of  Bahlagrass 
and  ths  400  paund  level  of  Pangalagrass  as  oxlstad  In  tho 
first  psrlad4  It  vanld  appear  that  tha  dlffaronoa  in  ths 


Alumzs  W TAUAKE:  pra  cnt  OP  total  COKDDCXtritlBS 
iff  THE  TWO  GRASSES  FOR  THE  FIRST  PraiOD 
miHZIfG  THE  1H8>6S  8BAS0H 


S*urM  D^.  Su>  of  Maui 

Sfuraa  S^oara 


Main  Plata) 

Grastaa 

Raplieationa 
Errar  (a) 

Sutelatsi 

FartUlir  laaala 
P S G 
Brrar  (t) 

Sasplaa 

fatal 


1 8^367.66  8,367. SSa 

S l.m.SS  SM.88 

S 808.82  384.81 


1 5,798.43  5,758,434 

1 94.08  84.08 

4 1,838.88  484.72 

80  3.283.88  64.73 

71  19,2Ui.l6 


asignlFteant  at  tha  6 par  aant  laval. 
TABLE  10 


ANALYSIS  W TARIAWEl  PHI  CENT  OF  TOTAL  CONDQOtlTmES 
OP  the  IVO  grasses  for  the  SBOOKD  PERIOD 
rnniNG  THE  1858>58  SEASON 


D.F. 

Sui  af 
Sfaaraa 

Xaan 

Sqnara 

1 

5>189.20 

6)185.204 

ftapllaatlant 

2 

3,233.34 

1,818.87 

Errar  (a) 

285.81 

132.81 

FartUltF  laTala 

1 

4;634.88 

4>934.8844 

2,680.02 

EPrer  (D) 

4 

383.66 

88.38 

SaBplaa 

1.828.97 

87.17 

fatal 

71 

17,832.68 

•Stfniflaant  at  tlta 

5 par 

aant  laTal. 

aasigslfleant  at  the 

1 par 

aant  laval. 

TABLE  11 


AKALTBIS  ue  TAUANCBi  FBR  CEHX  OF  TOTAL  CMtPDCimTm 
OF  PAKOLABRASS  PIKl  THE  SBCOXD  PERIOD  AB 
AFPBCIBD  Sr  FBITILITT  UlEAIMBn 
DORm  THE  19S8-SS  SEASON 


Smroa 

CMal 

F*rtUitr  l*T«ls 

R«plle»tiODi 


DaFa  Saa  af  Haui 

S^ur««  SfMT« 

B 40S.47 

1 33.S0  83.20 

8 326.75  Isa.BS 

8 S3.S8  U.7« 


AHALTSIS  W TARIANCEi  FBI  CEH  OF  TOTAL  COlOnCIinTIES 
OF  BABIASRA8S  FW  THE  SECOED  PERIOD  AS  AFFKTm 
BX  FERIILITT  DORIKB  SB  1»58««»  SEASON 


S«area  D.F.  Sum  of  N*»n 

Sfoar**  Sf>ar«s 


Total 

FaptlUtP  lOTola 
Raplloattona 


6 1,000.26 

1 1,317.80  1,317.30** 

8 340.43  170.88** 

a 1.08  0.81 


••Slgnifioant  at  tBa  1 par  oaat  laval. 


S3 

dasTM  of  mXA  lisrdiMas  irtilA  the  (Papb  «h«wa  far  tha  two 
loTols  of  Ponsolograao  durloc  tha  first  twa  abaarratlon 
dataa  of  this  parlad  la  offaat  bf  tha  aaaatax  Inoanalttnar 
wblA  eeourrad  an  tha  third  ohaorratlan  data  idiao  tha  400 
paund  laral  gawa  ladloatlana  of  holiig  tha  aora  hardp  of  tha 
twa.  A prohahlp  roaoto  far  tiila  rararsal  of  fam  to  Paagala- 
graia  la  that  thla  third  ahaarratloa  data  fellavad  a parlad 
of  lewar  taaparatnraa  aa  aap  ha  aaan  la  Tlgura  11. 

itaa  gra)^  la  Flgura  IS  ladieataa  that  durlag  tha 
third  parlad  dlffaraaeaa  waro  not  ao  groat  aa  la  tha  proTiona 
two  porloda.  that  thla  la  trow  la  homo  oat  hp  tha  data 
glwan  in  lahla  13.  It  la  to  ha  aetad  boro  that  thoro  wora 
na  dlfforoaeaa  hatwaaa  tha  twa  graaaaa  la  hardlaaaa  at  thla 
tlaa.  thara  waa,  hawavar«  an  Intaraetlon  batwaoa  graaaaa 
and  fartUltp  lowala.  Vhoa  tha  twa  graaaaa  wora  analfwod 
aaparatalp  aa  Id  tha  ahowa  eaaa,  fnrthar  aaphaala  waa  glr«t 
to  tho  eondltlMi  of  no  dlffarwaoa.  thaao  data  appaar  in 
Tahlaa  14  and  IB.  Altbao^  not  aupportad  atatlatloallp, 
tha  graph  Aowa  that  Bablograaa  atUl  appaarod  to  hawa  tha 
aawo  rolatlonAlp  hotwaan  tha  two  nltrogon  lawala  hat  to  a 
laaaar  axtant. 

tha  atatlatiool  analpala  far  tho  foorth  parlad  la 
glran  In  labia  10.  Aa  tho  graph  In  Flgura  18  ladloataa 
thara  waa  a diffaronoo  in  tha  eald  hardlnaaa  of  tha  two 
graaaaa  In  tha  fanrtb  parlad.  Bahlagraaa  waa  la  peaaaaalMi 
of  tho  grantor  dagraa  of  aold  hardlnaaa  In  thla  parlad. 


tABU  13 


AHUOSIS  OF  TARZilICKs  PER  CBRC  «g  mAL  OOUnCimtlKS 
W OB  TWO  ORASSES  FOB  THE  SBZRB  PERIOD 
DOBZm  TEE  lOBB-410  SKASOB 


K»1b  Plotai 

OraaBti 

BafllMtlaaa 
Rpptp  (a) 


E,70E.e7 

3B3.M 

M3.SS 


Paptuttr  laTala 


Sai^laa 

Total 


■SOO.IS 
1,073  .03 
333.40 


•SlfnlflOBBt  at  tlio  S for  eoat  loaol. 


AJCAUC3I8  oe  TARIAMCB]  PBt  OEHt  OP  TOTAL  OOEDDCimTIEE 
CP  BABIA8RAS3  FOR  TEE  TBIRD  PBtlOS  A3  AFFECTED  BT 
FTClLm  TRBAXMBHT  DDRIEB  TIE 
l«BB-e«  SEA30K 


Total 

FortUltT  lOTola 

Roflloatlona 

Error 


380,84 

340.07  340.47 

7.11  3.M 

33.00  14.S3 


TABLS  16 

AMIXSIS  OP  TlAUHBEl  PS  CBR  ftP  TOTAL  CtlllimCTlVUUS 
(T  PIMMLASBASS  FOB  TEE  TBIRD  PERIOD  AS 
AFFECTED  BT  FSIILITr  IBSATHEBT 
DUBIIIS  THE  105S-69  9EAS0K 


Saurea 

DJ. 

^aaraa 

Kaaa 

Ofoapa 

fatal 

6 

060 .aa 

FartUltr  larala 

1 

4E.B3 

46.03 

HaFliaatlaBS 

S 

sao.ar 

304.04 

a 

04.08 

48.01 

AHAUtSlS  « TAHZASCEi 

TABLE  10 
FBI  CBHT  < 

V TOTAL  COHDOCTITItIBS 

OF  THE  TWO  ORASSS  FOR  XSE  FOTEtn  FSIOD 

TEE  lMS-60  SBA80E 

Sauraa 

Djr. 

SqnaPaa 

Ooura 

Main  Flatfi 

Oraaaaa 

1 

rirao.at  r 

,785,840 

Rapltaattaai 

a 

1,087.08 

003.64 

Eppar  (a) 

348.10 

174.00 

SvEalata 

FaPtUlty  lavala 

1 

0.64 

8.64 

1 

Bppar  (D) 

■* 

aao.60 

67.38 

Sai^laa 

ja. 

a.383.as 

30.78 

fatal 

n 

13,603.66 

*SlgnlfieaDi  at  th*  6 par  «ant  laval. 


R«  Iwtvaan  fartUlir  ia  Indleatad  V tha 

data  In  SaUa  16,  tet  an  Intaraatioa  1i«t«aan  craaaaa  and 
fartllitr  Irrala  la  natad,  Itaa  aaparata  analyaaa  af  tHa 
twa  fraaaaa  ara  glvan  In  taklaa  1?  and  18.  Fraai  ttaaaa  aaa 
nataa  a diffaranaa  In  oald  hardiaaaa  toataaae  the  taa  fai*- 
tUUjr  lavala  in  Pan<alasrass  Imt  nat  In  Bahlasraaa.  Sia 
gra^  In  FlfOM  18  Aova  that  graatar  aald  hardlnaaa  vaa 
adtlkltad  at  tha  100  paimd  laral  In  Fangalagraaa.  Bzaapt 
tar  tna  aaeand  abaerratlan  data  at  thla  parlad.  It  vonld 
apFaar  fraai  tJ«*a  gra^  that  tha  pattans  praalaualr  aatah- 
llahad  far  Bahlagraaa  «aa  atill  tialdlng. 

tlBLE  IT 

iHiursxs  or  tirurcbi  pbi  ckkt  of  ioui>  ooHDOctiritiBS 
OF  PAKOLiaiUBS  FW  TIB  FOVRtH  pmiOD  AS 
AFFBCISD  BT  FSSIILIR  XSEAtMSn 
DQRIHO  lEE  1BS8>68  8BAS0N 

Sonraa  D.F.  Sun  af  Maan 

Squaraa  Squara 

fatal  6 30T.00 

Fartllitf  larala  1 86.64 

Hapliaatlana  a 214.6* 

Errar  8 6.67 

asignlf leant  at  8 par  eant  laral. 

Data  tar  tha  analfsla  of  tha  fifth  parlad  era  glran 
In  lahla  10.  tha  data  In  thla  taUa  Indleata  that  thara  «aa 
a diffaranaa  In  the  hardlnaaa  af  tha  tv*  graaeaa  and  In  tha 


8*.64* 

107.38* 

8.84 


XABJ.B  18 
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AUUrSn  OF  TARUNCBi  TO  C9R  OP  lOUL  CONDOCtmtin 
V BAIU0IU88  ?OR  THB  FODRCH  TOZOS  18  iFTOCS  BT 

TOtiLzn  iREinmn  durikb  ihs  ibss^b*  sbuox 


OJ.  Sub  Bf  Mun 

SfUBm  Squra 


T*tal 

FartUitr  iBTBla 
BaBlleatlwiB 


5 847.48 

1 84.08  64.88 

8 U8.9B  7S.M 

3 36.33  13.11 


■tmx  18 

UUUBI8  W TARIUCBi  TO  COT  OF  tOUl  COBDOCTirZTia 
OF  XHB  nn>  0RA88B3  F<n  THE  PIFCH  PBllOD 
TOIBS  THB  1868-58  8B1S0B 


Main  Platai 

Oraaaaa 

Baplla^tlana 


Sqttaraa  Sqaara 


1 38i848.2S  38,648.3S** 

8 1,667.70  838.86 

8 468.81  334.48 


FartUltT  larala 
p z e 
Bprar  (6) 

8u9laa 

taial 


1 1,338.80  1,338.80** 

1 0.38  0.33 

4 170.87  43.67 


71  44,384.86 


**81fBtneant  at  tha  1 par  eant  la7al. 


M 

Mid  taardlBvia  af  tli*  ■•parat*  fartUitf  lavala.  81bm 
thara  waa  na  al«nlflaant  Intaraatlao,  tha  graaaaa  aara  nat 
aaalraad  aaparatalr.  Fraa  tha  cra^  In  Pifnra  18  ana  nataa 
that  eraataat  Mid  hai41aaaa  «aa  faimd  in  Bahlagraaa.  In 
bath  graaaaa  at  thia  tlaa>  tha  highar  dagraa  af  Mid  hardl- 
naaa  aslatad  at  tha  400  pound  laral  af  nltraian.  ttala  vaa 
tha  ppoTalant  Mndltlon  far  Bahlafraaa  bat  appaarad  to  ba 
tma  af  Pancolaci'o**  ohlJ  falla«in«  parlada  of  «ana  tavpara* 
toraa4 

tabla  SO  Mntalna  tho  Btatlatloal  analpala  far  tha 
alxth  pariad4  Ho  atatiatiaallp  atfiilf leant  dlffaraaeoa 
axlatad  batwaan  anjr  af  tha  aarlabla  undar  aonaldaratlMi 
dnrtnf  that  pariad.  If  tha  period  la  Mnaldarad  aa  a Mola4 
Bavavar,  tha  (raph  In  Flfora  18  daoa  Indleata  that  a eon- 
aldarablo  anouat  of  variation  did  o^at  on  tha  varlana 
datoa  af  abaarvatian4  On  oaah  obaarvatlon  data  af  tha 
alsth  parlad,  Bahlacraaa  vaa  nara  hardp  at  Ma  400  pannd 
loval  af  nltracan4  Fanfolafraaa  appaarod  aara  hardp  at  tha 
400  pannd  loval  onlp  on  tha  flrat  data  of  obaarvatlon  In 
tho  alzth  porlod.  It  la  Intaroetlnt  to  noto  that  on  tto 
flrat  data  af  obaarvatlon  thara  vaa  only  a varp  alicht  dlf- 
faranM  botoaan  the  Mid  hardlnoii  Indlaatod  far  tho  tvo 
lavele  af  fartUlaatlon  in  Bahlacraao4 

Tlald  data  and  oatlnatlona  of  viator  Injurp  in  lOBS- 
50  ara  given  In  Tabla  44  Ciaao  data  Indleata  tiiat  Pangala- 
graaa  vaa  aero  aovarolp  Inlnrod  during  tho  winter  of  1066-S0 


than  PaotaMla  BaUagrasa.  in  intaraatlng  aMparlaon  aan 
%a  «ada  ttatwaan  tBaae  data  and  thaaa  far  tha  1MT>SS  aaaaM. 
In  aakiiig  tUa  eoBfarlaoo,  ana  netaa  that  tn  tha  aarllar 
jaar  Paogalagraaa  vaa  meh  aara  aararalr  lajurad  than  In 
1668-6S  imt  that  tha  appaalta  la  trua  af  Bahlacraaa.  It 
la  ia  ha  natad,  hawavar,  that  In  nalthar  raar  «aa 
S>^a  danagad  to  aar  graat  aztast. 

Tlald  data  aha*  that  InJurj  waa  ^ahahlr  graataat 
at  tha  400  pound  laaal  In  Pangalagraaa.  Llttla  it  anp  dlf- 
faraaaa  In  hanUnaaa  aan  ha  dlatlngnlAad  hataaan  tha  two 
larala  af  fartUlti  in  Bahlagraaa  If  tha  ratlaa  af  tha 
flalda  at  tha  two  laaala  far  tha  aaaaan  total  la  1050  and  far 
tha  flrat  eottlag  in  lOSO  ara  aosparad.  Slaaa  tha  10S8 
8aaaan*t4tal  rlalda  ratio  la  1|B<4  and  tha  flrat  auttlag  af 
lOSB  jrlalda  ratio  la  1:8.0,  thara  la  aona  haala  far  atatlng 
that  paaalblp  tha  graaa  at  tha  400  pound  laval  waa  laaa 
aararalr  daaagad  than  that  at  tha  100  pound  laral. 

In  all  aaaaa  ana  nataa  that  rlalda  vara  graatar  at 
tiia  bl^ar  laral  af  nltragaa.  Tha  nltragan  aontant  af  tha 
faraga  vaa  alaa  hl|»ar  at  tha  400  pound  laral  af  nltragan 
In  all  oaaaa.  Thaaa  ara  a^^aetad  i!>aanlta|  bavarar,  tha 
ntrravnaaa  of  tha  nltragan  aontant  dlfforonaa  hatwaan  tha 
two  fartUltr  larala  In  Bahlagraaa  la  aonavhat  nnaipaatad. 


70 


UBie  30 


AMiUTSa  OP  TUtXAHOEt  PER  OBR  OF  TOSAJ.  COMSDCEITISIBS 
<V  TBB  TUO  SUSSES  F(U  HE  8IZIH  P8R10D 

Dtmne  ns  isss-es  sbason 


B.F. 

San  of 
Stoaroa 

Hoan 

Sgaaro 

Kaln  Flotai 

1 

1T>B13.5S 

Boplloatloaa 

3 

S^Bee.49 

8>000.S6 

Error  (a) 

3,360.84 

1,170.63 

ForiUlty  lOTOl 

1 

8«S.80 

066.80 

r a 0 

1 

- 80.13 

80.13 

Error  (b) 

4 

3,301.61 

847.00 

Sai^laa 

JU 

1.040.40 

17,40 

Total 

71 

31,348.31 

Sltisi««i  In 

lb*  nitpscm  e*atant  of  tho  Batorlal  frM  Aloh 
•adploo  wopo  takoB  for  tho  MndBotlTltf  osporlMato  «u 
dotoraliiod  for  oaoli  okaorratlon  data  of  tbo  laoi  flvo 
portoda.  Sbooo  data  aro  ouaHarisod  la  TaUoo  0 wd  7. 
ntUlBliid;  porlodo  aa  aala  plota  and  graaaoa  aa  anltplota 
with  fortuity  lavola  holng  aah-aubplota,  an  aaalyala  of 
tho  flTO  porlodo  la  slTon  la  lahla  31.  Froa  Vesa  data 
ono  oan  doteralno  that  thoro  waa  a dlffaronea  In  tho  nl- 
trogan  eontant  of  tho  two  graaaoa  at  dlfforaat  porloda 
hot  DO  algnlfloaat  dlffaronea  la  tho  oTorall  eontant  of 
tha  two  gmaaoB.  Ihara  waa  an  Intoraotlan  hatwoan  graaaaa 


n 

ind  p«rt»da.  Tbt  blcUy  •Icnlfleuit  dlfftrmo*  b«t»*ra 
faFtiltty  DMdi  te  'b*  eoniliUrdd  lo  tb« 

latdFaotlwa  b«tvt«n  r«rtUltr  larali  and  sraM#a«  For  thla 
raaam,  a aaparata  aBalpala  of  tha  too  (raaaas  la  cItoi  1b 
taUaa  22  and  23.  Bara  {neabiarrae  that  In  aacta  (raat 
ttaara  «aa  a raal  dlffaranea  batwaan  parlada  aa  ta  Itaa  b1- 
tracan  eantaat  and  alaa  a dlffaranaa  batwaaa  fartlUt]' 
larala  aa  ia  nltracaa  aaatant.  It  la  ta  ba  aatad  la  tablaa 
7 and  8 that,  aiaapt  far  tba  OaaaBbar  16  aai^llnc  In  Bahla> 
graaa.  all  nltragan  aaotaitta  ara  hi^ar  at  tba  400  pound 
laral  af  fartUltr.  Alaa  to  ba  natad  la  that  aalp  on  tha 
aaBpllaf  dataa  af  Fabroarj’  24  and  Nareh  18  did  a hl^or 
altragan  eantaat  aoaur  at  tha  100  paand  laral  la  Paagala- 
sraan. 

Tha  data  la  tablo  24  ia  praaoatad  la  an  atteiQt  ta 
aarrolato  tha  altragoi  aaatant  of  the  Tariana  graaa  aai^laa 
«lth  thalr  bardlnaaa,  aa  iadloatad  bp  par  eant  af  total 
aanduetirltp.  Ia  no  aaaa  »aa  there  a aerrelatlOB.  Oalp  1b 
Bahlagraaa  at  tha  100  pauBd  laral  did  tha  earrolatloa  ae- 
afflelwt  area  approaA  algalfloaBOa.  At  thla  fertUitp 
laral  Bahlagraaa  doBonatratad  Ita  laaoat  dagroa  af  eald 
hardlBaaa. 

1908-^0  a«a.rl-ant 

Btndlaa  af  aald  hardiaaaa  in  Panaaaala  Bahlagraaa 
and  PaBgalagraaa  at  fartllltp  rataa  af  100  and  400  paunda 
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CABL!  31 

lUISSO  OF  TARUKSs  NlrBOSBr  COKTBR  OF  SDOLBS  FH0M 
EACH  <m  XHO  ORASSES  01  FITB  SEPARA9K  PERIODS  AS 

iSPECira  ET  FERmnr  TREAzxBn  mmon  ns 

1968-S9  SEASON 


SOUTM 


DJ.  Sum  of  Kbob 

S^im^i S^MiTo 


Hftla  natst 

Pwlads 
Errar  (a) 

Satalatai 
Oraaa 
0 X P 
Hrrar  (D) 

SnD-aubalatsi 

Farullii  larala 

F X P 

F X e 
F X B X P 


2 0.31  0.10 

4 7.03  1.7«»« 

• O.M  0.09 


1 0.11  0.11 

4 3.30  0.80* 

10  1.B9  O.IS 


1 0.80  O.seaa 

4 0.73  0.18 

1 O.ei  o.naa 

4 0.98  0.26 

30  1.98  O.IO 


tatxl 


89  34.03 


aastfnlFlaaBt  at  ttaa  1 par  eant  laral. 
•Slfnifleant  at  tha  B par  oaat  laral. 
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TABLE  S« 

AJULTBia  OF  TiaiAMCBt  JmBMEB  CONTBR  OF  SAMPLES  PBOM 
PAXGOLASBASS  HI  PtTB  SEPARATE  PERIODS  AS 

ApncTED  BT  rasiLny  irbaxmimt 

ODalHB  SHE  ISftS-SS  SBA80I 




D^. 

Sob  or 

Sfoarao 

Souaro 

KalR  Plata! 

Parlada 

« 

Rafllaailaaa 

2 

0.83 

0.42 

Irrar  (a) 

S 

0.79 

0.10 

PartUltr  lavala 

1 

1.89 

1.6900 

Error  (L) 

-ifi 

1.10 

0.11 

Tatal 

29 

11.81 

1 

1 

i 

eaat  laral. 

TABLE  23 

AXALISIS  W TARXAJRBt 

AFpntED  BT  psamm  ieeaikbit 

DVRIK6  TEE  1SS8-6S 

SEASON 

Seurea 

D^. 

Soa  af 

Sfoaraa 

S^piara 

Main  natai 

Parlada 

RaEllaatlaaa 

2 

0.3S 

Errar  (a) 

e 

0.B8 

0.07 

PartUltr  larala 

1 

Error  (L) 

-Ul 

0.88 

0.08 

Tatal 

29 

12.10 

**Slcnifieaiit  tlw  i par  e«nt  X*val. 
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ef  dltF*tm  par  a«r*  par  jaar  vara  aonduatad.  Thaaa  atadlaa 
utUiaed  tiia  aadlflad  alaatrleal  aaBduativltp  aatliadt,  ad- 
vaaaad  tf  I>axtar  (U),  Id  idilah  par  ant  af  tatal  eandua- 
tlTttp  la  aMalnad.  A atatiatieal  analpala  vaa  uda  af  tha 
data  alttaload.  CliHatla  aandltlana  vhtah  axlatad  during 
tlia  ai^arljuat  vara  Baamrad  and  praaantad.  Ol/feranaaB  Is 
tha  leTarltp  af  tlia  vaatbar  dnrinc  tha  196T-5B  taasas  and 
tha  1958-59  saaaan  vara  naiad.  Tlald  data  vara  abialsad 
asd  ralatad  ta  vlntar  lajnrj.  Iltraxan  eantant  vaa  datar- 
slsad  far  tba  aasplea  as  idileh  aald  hardlsam  iaata  vara 
ran.  Casparlaasa  vara  sada  af  tba  raaiilta  abtalsad  Is  tha 
1957^  and  tbaaa  a1>talBad  is  1958-59. 

TABLE  84 

CORBBLAIIOH  OOVElOlraTS  FOR  IBB  CORRBLATIOM  Of  RHRD6BI 
COREHT  ARD  PBt  GBR  OF  TOTAL  COlDDCltflTr  IE 
PBR8ACOLA  BiBU6RASS  AED  FAWtBAORASS 
AT  IRE  100  AXD  400  POtRIP  LETBLS 
OF  MlIROOBE  Pn  ACRE  FBI  TEAR 

Braaa  Fariilltr  Laval  r 

PanaaMla  BaRlafraaa  100  Iba.  E -0.477 

Panaaaala  BaUaxraaa  400  Iba.  R -0.099 

Pangalaxraaa  100  Iba.  H 0.808 

Fancalagraaa  400  Iba.  I 0.081 

la  aMparisc  tba  raaolta  abtainad  Id  1958  vlth 
thasa  af  1957,  Isdleatlasa  vara  that  far  Bablacraaa,  aald 
bardisaaa  vaa  xasarallr  xraatar  at  tbs  400  pavnd  laval  af 


7B 

Dltr«s«B  during  both  foori.  PuigolagFMa  a]p|^*ar#<t  to 
oAlbit  groatOF  oold  itordlnoH  «t  tho  100  pound  lorol  dur- 
ing both  jrooro. 

ConduotlTltr  ■oaouroBonta  ohow  tiiat  vparontlr  both 
graaoot  vero  wro  Mid  hardjr  during  tho  19B7  ooaoon  thon  In 
1K8-S9.  Thlo  mat  bo  MMldorod  In  tho  ll^t  of  tho  foot 
that  eilaatte  MUdltlona  voro  Torj  nuoh  noro  ooToro  during 
tho  oarllor  ulntor  and,  in  ap^to  of  tho  dogreo  of  Mid 
hardlnoM  oAlbltod,  daa«go,  eapoelallr  to  Pongolograaa, 
during  tho  vlntor  of  1067  vaa  aoro  oxtonalTo*  In  Iprll 
1080,  aoiu  ladloatlona  uoro  that  Bohlagraaa  vaa  aaro  doaagod 
In  1098-80, 

Otlllaatlon  of  valuot  of  por  Mnt  of  total  om- 
duotlTltr  aa  Indloatora  of  Mid  hardlnoaa  allovod  noro 
faith  to  bo  plaoad  In  ooaparloona  of  Mid  hardlnoaa  botvaan 
fortUltr  lavola  and  botvoan  graaMa  than  vhan  apoolfle 
oonduetlTltr  raadlnga  alana  voro  uaod, 

Porlodlo  dlffarenMa  In  Mid  hardlnoaa  voro  obaorrod 
to  ozlai  In  both  graaOM  at  both  fortllltp  lovala,  Sroator 
fluotnatloo  botvoan  fortllltr  lovola  aa  to  dogroa  of  Mid 
hardlnoaa  vaa  notod  la  Pangolagraaa.  Hldor  aproada  In  do- 
gFM  of  cold  hardlnoaa  voro  noro  provalont  in  B^Hagraaa, 
but  tho  IM  pound  lovol  of  nltrogon  oonalatantl)'  produood 
the  aoro  Mid  hardf  tiaaua  In  BahlagroM. 

Pangolagraaa  vaa  aoro  aoTorolp  Injarod  during  the 
vlntor  of  1058-80  than  Bahiagraaa.  Tlold  data  obtalnod 
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frw  th«  flrtt  euttlnx  Id  1KB  A*v  that  craattr  IBJ1117 
*>•  prahaUr  Mffarad  hp  Pancalasraia  at  tha  400  paund 
laral  af  altraxao  iblla  Uttla  dlfTartnaa  In  tha  aaeiiDt 
of  iaJniT  oeuld  ha  dataotad  hatwaan  tha  twa  laralt  Id  Bahia* 
grata  iBoafar  aa  ylalda  ladlaatad. 

Sraatar  aDoimta  af  nltrecan  vara  found  ta  ha  praa- 
aat  to  tha  aaiylaa  fran  graaa  fartlllaod  vlth  400  patnda  af 
Bitragan  par  aoro  par  ytar.  Qila  ta  tha  a^aatad  raault* 

Ad  att*^  vaa  nada  ta  earralata  Bitragan  aontant 
with  dagrao  af  aald  bardlBaaa.  In  na  aaaa  vaa  thora  any 
earrolatloa. 


TSO>ES&I1]BB  AMD  COLD  HABDIMBM 


Varlona  r««itfch  veiiMr*  (40,  00)  bkV*  r«p»rt*d 
Out  sraoiao  davalep  Mid  lurdlnass  upaa  •iqurar*  tfl  !•« 
taq^araturai  and  aixht  leaa  tfala  hardlnaao  aftar  a partad 
af  hlghar  taaiparaturaa.  An  att«9t  haa  baan  nada  In  tUa 
atndp  ta  dataraiDa  wliatbar  thara  aaa  aap  Mrralattaa  ba- 
taaan  t^^araturaa  and  tha  Mid  taardlnaaa  as  nsaanrad  by 
par  awt  af  total  aandnettrltya  Data  far  thaaa  analyaaa 
ara  (Itm  In  Tablaa  36  and  36.  In  Oka  first  of  thaaa  tva 
tablas  ttao  Mrralatlan  MOfflelMts  far  hardlnass  krlth 
aTsraco  nlnlaBn  tsa^sraturas  ara  giaan.  Ttao  aaarago  alnl- 
■na  tas^oraturaa  naad  ara  ttaaaa  vhlsb  aeaarrod  bataaan 
ttao  Tarlaoa  absorvatlan  partads.  In  tba  oasa  af  ttao  first 
abaoraatlan  psrlod,  ttao  aaoraga  far  ttaa  saToo  praeadinf 
days  la  uaad.  A Mrralatlan  eanld  only  ba  found  batwMn 
ttassa  taavoratnros  and  tha  taardlnaaa  af  Pangalagrass  at 
tha  400  pannd  layal  af  nltragan.  Ttaa  Mrralatlan  In  thla 
Oasa  was  nagatlTS  as  would  ba  aj^aatad.  SlnM  ttaa  piatura 
glTon  by  ttaa  laok  af  Mrralatlan  af  ttaa  attaar  granps  with 
nlnlMW  taa^arataraa  saasiad  to  Indiaata  Out  furttaar  md- 
aldaratiaa  af  ttaa  prablaa  was  naMSSary,  an  att^^  wan 


alM  nada  ta  Mrralato  taardlnaaa  with  ttaa  awaraga  naan 
tanpersturaa  aeenrrlng  batwaon  tha  absarratlan  datas. 

Itaasa  data  ara  glwaa  In  labia  35  and  abw  that  na  slgnlfleant 


TABLE  SS 


COBHOATni  OD0FICXDRS  FOR  IBB  C(«REl.A>n»  OF  XEtlPEBAmB 

HixH  pn  csn  OP  total  coHDCctmTr  n pbesacou 

UID  PAI«n.A6aAS8  AT  XBE  100  AU 
400  FOUND  LETBLS  «P  NRBOGB* 

PE&  ACRE  pat  TEAR 


Penaaaola  BabAmfraM 
PnaaMla  Bahlagpaw 
PaiiC»la(na« 
Pansalagraaa 


100  0.310 

400  -0.046 

100  0.141 

400  -0.48T* 


0.376  0.830 

0.010  -0.004 
0.141  0.143 

•0.410  -0.463* 


•ilcaifieailt  at  tb*  5 par  «ant  l*r*l. 
TABLE  86 


Avaraf*  ■«-«—»  A*ara<*  K*aa  L«* 

Oba*FTatl*e  Sine*  ttaa  laot  Stno*  tb*  Laat  Siiiaa  tba  Laot 
Pat*  ObaaiTatlaa  iHOa  Obaarratlab  Bata  Obaarratlab  Bata 
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•zlit*)  ta*MT«r,  tli«  Mmlatiw 
for  AAsalacraas  si  tbs  400  ^sttad  !•▼#!  syprsaAst  #l*ntfl- 
«an«a. 

1 third  attask  was  aada  on  iho  eorraXatlM  of  Mid 
hardlnass  with  taaporatars  «b«a  tha  lowost  ntnlw  tsapara- 
ture  AlA  oeouTOd  boiwoon  tbo  Mndnotloltr  roadlnga  vaa 
ussd.  Ibo  ratnlts  ara  aiawarlsad  In  TaUaa  SO  and  SO.  1 
MrralailoB  aslstad  batwaan  tha  lovaat  nlnlMMi  taavarataras 
and  tha  liardlnoaa  of  Pancalacraat  at  tha  400  ponnd  lovol 
or  nttracan. 

KleraellMata  InTaatlgatlaaa 

A farallal  stodr  af  ■iaraellBatla  MOdltlana  nas 
undoFtakan  1b  eoajimetlaa  vith  tha  hardinaaa  studj  1b  ardor 
that  awH  tdaa  of  tha  Mndltlona  of  taavaratura  AIM 
aetuallr  ozlat  1b  tha  aroa  naar  tha  plaBts  haliif  otndlad 
Bl^t  ha  had.  Prorlaus  «art  of  this  natnra  has  baan  eltad 
(70)  In  AlA  Syracna  aad  his  sasoelatas  stndlad  rarlatlSBa 
In  tha  air  tai^aFstarss  af  tha  ateraallBata.  Thaj  faiuid 
tha  craatsat  axtrMas  in  BlnliB  ta^arataraa  ta  azlat  naar 
tha  ground  laral. 

thrauidiout  tha  praaant  tindp.  tha  lovaat  Doetamal 
ta^aratnraa  obtatnad  vara  thosa  takan  at  a hal^t  of  thrao 
InAoB  aboTo  tha  grauBd  anrfaoa.  this  phanoBeneo  Is  ooa- 
plotolp  1b  llna  vlth  that  of  nootnmal  ta^aratura  Inrar- 
■leo  Al«h  has  boon  oztanslTalj  dlaeaasad  bp  Oolgsr  (87) . 


M 

Dftt*  ■nbttantifttlng  tlili  eiala  ar«  (Itm  1b  Tkfel*  S7.  Bit 
dttt  glrtn  iB  tbit  tatilt  hivt  btta  Mltottd  tt  nnilf,  init 
thtr  frtttnt  ttlMllallj  tha  tua  flttura  aa  ethar  data  tb- 
talBtd. 

sable  S7 

ATERUrB  XSlFBIUtllRES  FOB  IBB  FOQRSEEK-BODS  PERIOD  FROM 
OtOO  P.M.  UBTIL  OiOO  A.M.  OX  DKIAIH  SPBCIFIBD 
DATES  FROM  PLOTS  OF  BAHU6RASS,  PAMCOA- 
SRASS,  AMD  BERMFDASRASS 


Data 

Oraat 

Plra  Faat  Thraa  Xaah  Sail 
Laral  LaTtl  Sarfaaa 

JaB.  10,  Its* 

BahlacPata 
(1.6»  tall) 

30.4°F. 

a8.9°F. 

33.6“f 

Jan.  17,  I960 

Bahlagrata 

(1.6*  tall) 

39.9 

36.0 

Fan.  SB,  1950 

PaD«alacraat 
(Baad,  3*  tall) 

33.0 

30.9 

37.8 

JaB.  38,  1959 

Paafalaspata 
(Daad,  i*  tall) 

33.3 

32.0 

30.8 

Daa.  1,  1907 

Banmdacraaa 
(3*  tan) 

30.3 

37.4 

42.4 

Daa.  13,  1907 

Bara  Sail 
(Baalda  CPaaa) 

11.6 

9,6 

- 

Oat.  37,  1967 

Panxalacraaa 
(Bhart,  3{*) 

30.0 

38.8 

40.4 

Oat.  37,  1007 

Bahlafrata 
(HadlBB,  9*) 

39.0 

36.3 

40.0 

Fab.  13,  1906 

Banudacrata 
(Daad,  8*  taU) 

36.7 

81.4 

34.9 

Alat  te  Da  aaan  fnm  tha  data  in  labia  S7  la  tha 
faat  that  tha  taaparatm^  af  tha  aall  anpfaoa  raBalnad  aan- 
aldarabl;  vaivar  than  tha  taaparaturaa  at  althar  tha 


ai 

l«r»l  *r  tiMia  tta«  thras-lneh  This 

« MBilataat  •mutbbm. 

■early  Bestamel  t«q>eratorea  fer  three  rather 
eeel  Bl^ta  are  flew  In  tablea  aa,  Z»,  and  30.  Ib  thta 
flrat  table,  the  data  fer  the  nli^t  ef  Oeteber  3T,  1057 
are  reeerded.  The  eeearr«iee  ef  freealao  ttoioaratarea  thla 
early  in  the  fall  vaa  a reeard»aettlB(  aent  fer  the  dla- 
triet.  lieae  vlsd  Beywent  wae  reeerded  fer  thla  sl^t  than 
fer  the  t«e  Bl^ti  fer  vbleh  data  are  preaeated  In  lablaa 
29  and  30.  In  a eeaparlaen  ef  the  teaferatorea  at  the 
three-laeh  lerel  with  theae  at  the  fire-feet  level,  1b 
the  three  tablea,  ese  aatea  that  under  eoBdlttena  ef  leer 
wind  there  ia  a (reater  Tariatlen  between  the  twa  lerala. 
Fer  ezaaple,  m the  leaa  windy  al|ht  ef  Oeteber  37,  the 
ayarace  toBperatare  at  the  five-feet  level  vaa  30.5*  F. 
while  at  the  three-lneh  level  the  averace  taaperatara  vaa 
32.0*  F.  la  BahlooraM  and  36.3*  F.  in  Pangelnfraaa.  Slf- 
feraBeea  ef  7.1*  and  4.30  reapaetively  eeeur  here.  Ob  the 
■ere  windy  nl^ta  ef  January  15  and  January  23  dlffereneaa 
between  the  five-feat  level  and  the  three-lneh  level  are 
1.5*  and  2.0*  reapaetively  far  Bohiasraaa  and  Fancelacraea. 
ihia  ia  In  afreMeat  with  the  phenOBaBen  entllned  by 
Oal<ar  (27)  in  whleh  an  inoreaea  in  wind  ■evnMent  will  act 
te  deatrey  the  taaperatura  atratifleatlen  la  whieh  a eeld 
layer  haa  been  built  up  near  the  greund. 
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AIR  tEMPBUTCrSES  IK  DEtKOiES  PAHRaraEII  If  A PLOl  » 
SHORT  PAMHtUSIUSS  AKO  IK  A PUT  Of  KSDIDH 
BI6B  BUIU8B4SS  OK  TEI  HIUT 
OF  OOIOBBR  3T,  10S7 


F1t«  Thrva  Soli  FIto 

Foot  In  (A  Surfaoo  Foot 

LOTOl  LoTol  I>ovol 


Throo  Soil 
Inofa  Surfaoo 

LOTOl 


) P.M 
00  P.)i 
00  P.tt 
00  P.M 
00  P.M 
00  P.M 
00  P.M 
00  A.I 
1 A.I 
) A.M 


30  .3 
38.0 

38.0 

30.0 

30.0 
37.B 
30.6 
34.3 

33.0 
34.3 


33.0 

33.3 

31.3 
33.0 


43.0 
43.3 

48.0 


33.0 

33.0 

33.0 

34.0 

33.3 

38.0 

31.3 

33.0 


48.4  30.8 


iMiparatnra  rang**  For  rariouf  datoa  ara  givan  in 
taUa  31.  Thaia  data  Indloata  tlut  tha  vldar  raaga  la 
t«aiKaratiiraa  aaaurrad  at  tlia  ttaraa-lnota  and  at  tMa  taalra- 
Incb  lavalo  vlth  sera  narrov  rangaa  at  tha  flTa-faat  laval 
and  at  tha  Mil  aarraea.  A prlna  azaapla  if  tha  ftrat 
ana  llatad  la  tha  taUa  In  ahloh  tha  rangaa  wara  38.3*, 
30.0*,  43.5*,  48.0*  far  tha  flra^aat  laral,  tiia  tvalva- 
Inoh  laaal,  tha  thraa-lnah  laral,  and  tha  fall  aorfaea 
roapaatlvaly. 
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n.T« 

FMt 

Lartl 


Zbrei  8urfae« 
Inek  Ineii  »f 

L«T«1.  I«T«1  8*11 


ATsrtC*  33.S  3S.1  30. ft  37.2 

th«  findliifi  «f  Sprafue  «t  al.  (7ft)  anaar  ta  ba 
In  sa«d  acraaaani  wltb  tbaaa  of  tha  pr***°t  atndr.  ttarlnc 
tha  alBtar  nontha,  tbaj  found  naan  dally  taavaratnra  rancaa 
to  ba  Vidor  at  tbo  tbraa-lnA  laval  than  at  tha  fiva>foot 
lovel  Id  lUrjland  and  Hov  Jaraar  and  to  a anallor  oxtant 
In  PonoaylTanla,  vhlla  tba  yattam  vaa  tneonalatant  nndar 
anav  ooTor  In  Tanaont. 

It  la  intaraatlBs  to  ebaarra  In  Tabla  31  tliat«  avan 
on  daya  tdian  vary  lav  tovaraturaa  vara  raoordad. 


daytlna  naxlnua  ta^aratnraa  aftan  vara  vary  bl^.  Tha 
affaet  of  thaaa  hl^  taa^araturaa  an  tha  nalntananaa 
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»f  hl^  d«sTMs  of  hardlBOti  !■  o froblM  Aloh  dofinltslj 
noodo  to  bo  eonoldorod  in  hopdinoot  itndlof. 


ttSLB  30 

AIR  tBMPBRiXORSS  n DBORmS  PABRSHHBIZ  IH  A lUff  OP  8B0RI 
BAHIAORASS  OR  THB  RIBHT  OF  JARDABI  10,  lOSO 


00  P.K 
00  F.M 
00  P.M 
00  P.M 
00  P.7 
00  P.M 
t P.K 
40  A. 
40  AJI 
40  A.M 
40  AJI 


FlTo  Tvolvo  Ihroo  Supfaeo 

Foot  Inoti  Inah  of 

LOTOl LOTOl liOTOl Soil 


Derrees  fahrenheit 


40.0  30.6 

30.0  30.0 

30.6  30.0 

34.6  38.5 

31.0  31.0 

30.0  80.6 

88.6  88.0 

80.0  87.0 

80.0  84.6 

80.0  84.6 

84.6  83.0 

83.0  88.6 

88.6  81.6 


^70  ST6 

38.0  40.0 

36.0  38.5 

38.0  37. 0 

38.0  35,0 

30.0  34.6 

80.0  33.0 

87.0  38.0 

80.0  31.0 

84.0  30.0 

84.0  80.0 

88.0  84.6 

88.0  88.6 

81.0  88.0 


AT*nga  30.4  80.8  88.0  33,6 


SoBarr  «f  T«ipM>ature  Studlnt 
Taaporature  data  «aP«  abtalnad  fr»a  at 
■ada  at  tba  laval  witli  waTlnnn  and  nininwi  tliar> 

■aaatars  In  a atandard  naatbar  atatlm  laeatad  naar  tba 
aiparlaaatal  plata.  Ibaaa  data  vara  naad  In  attaapta  ta 
aarralata  tai^aratupa  with  bardlaaaa.  Ineludad  In  tbit 
eaiTalatlan  atudp  wara  avaraca  taaparatnra  ahteh 

aeaoppad  batvaan  tha  aarlaua  abaarratlan  dataa,  tba  aaap- 
afa  naan  taaparatura  iditdb  aaeurrad  batvaan  tha  abaarratlan 
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ds«8i,  ud  til*  l*w«*t  ■Iwtiia  t*«p«r*tar*  vhlMi  *eeorr*d 
b*t«*«D  th*  *'b**pT*tlaii  data*. 

Mtoraallut*  loT**ttc*tlM*  laT*lT*d  tb*  taking  *f 
ta^«r»tiir*  d*t*  In  th*  gr*a*  plot*  with  t alxtcta-^lnt 
r*o*rdlng  p*t*DtlaB*t*F  utilising  eopp*r-e*iidt*ntui  tt*iw 
Mu|»les.  T*Ptle*l  l*r*l*  *f  n*aniF*B*nt  laolnd*d  Mil 
•urfsM,  thre*  Insh**  show*  th*  surf***,  twalw*  Intt** 

*b*T*  th*  Mrfse*,  *hd  flw*  f**t  *h*T*  th*  snrfae*. 

>e  MFr*lati«D*  v*r*  *h**rT*d  h*ts**n  hardin***  and 
th*  t^*ratur**  u**d  *xMpt  h*tv**n  th*  t«^*ra- 

tur*a«  h*th  th*  1*«  and  th*  av*rag*,  and  th*  hardlnaas  *f 
Fangolagra**  at  th*  400  ^und  larai  *f  altr*g*n. 

n*  meF*«llBat*  lBT*atlgatl*n*  baw*  i>*T*al*d  that 
tb*  e*ld*at  tMvaratur**  *'bMn'*d  in  th*  atudj  w*f*  found 
thra*  ln«h*s  ah*r*  th*  Mil  aurfae*  on  viator  nl|htS4 
Thoy  hav*  al**  shown  that  th*  sail  sarfa**  undor  a graaa 
«ow*F  rtnalaad  oensidarahly  waraar  than  th*  air  show*  It. 
Wind  Was  ohaarrod  t*  radne*  taii9«PBtur*  atratlfleatlon. 
taaparatUF*  rang**  vara  foond  to  h*  graator  at  th*  thr**- 
ln«h  loval  and  at  th*  tw*lv*-la^  laval  than  at  althar  th* 
riT*-fo*t  larai  or  at  mU  snrfae*.  Ni^s  in  which  rathar 
low  nlnimi  taavarstnras  eoeurrad  war*  afton  follawad  by 
days  with  hl|h  naslnun  tMp«ratur*s.  Katatlon  la  nod*  of 
th*  faet  that  good  ganarsl  agraasaat  la  feond  batwaan 
ta^aratur*  ^aneaena  •baarrad  In  thla  study  and  thoa*  eb- 
sarrod  by  othar  Inraatlgatora. 


DI8C09SIOH 


?raa  abaBTrctlODi  Bad*  dnrtii<  b«tli  th«  ltST-58 
■•tMB  and  ill*  1968-58  ■•»■«&,  It  wuld  appaar  that  Vanaa- 
aala  Bahlagraaa  la  aara  hard;  than  Panialagraaa  oadar 
aithap  t&a  100  ar  400  panBd  rata  af  nltragM  rarttlimatlaa. 
Thla  mold  saBarallr  1w  tha  a^aatad  raaolt  la  that  ta«ala- 
graaa  haa  haaa  ahaarrad  ta  ha  laaa  adapt  ad  ta  aald  waatliar 
(36). 

Tha  BleraallBata  inTaatigatlana  af  tUa  atudy  hata 
hana  aat  tha  faat  af  tha  aaaurraiaa  af  a naatumal  Invar- 
alao  of  tafi^aratora.  thla  pbanoMiian  baa  baan  palstod 
out  by  Salpar  (87).  ibaaa  Inraatitatlaaa  hava  Aoan  that 
aall  anrfaea  taaqiarataraa  vara  aoraral  daproaa  varMP 
than  tha  air  taaiparatura.  thla  Indleataa  that  tha  parta 
af  tha  plaata  In  oaataet  with  tha  air  lapar  Jnat  abava  tha 
aoU  anrfaaa  ara  anbjaat  ta  tha  aara  aoToro  tai^opataraa. 

In  rlav  af  thla*  ana  ean  aaa  ahy  Bahlasraaa,  with  a ayataa 
of  at  ana  laeatad  at  and  balov  tha  aall  aorfaea  la  aub- 
Jaatad  ta  laaa  aataro  aald  vaathar  than  Panpalapraaa  aboaa 
attaa  ara  at  ar  above  tha  aall  aurfaea.  Whan  thla  advan- 
taca  la  aai^lad  with  tha  groatar  dagraa  af  hardlnaaa  aloa 
a^bitad  by  Bahiagraaa,  it  baeoMa  qulta  elaar  ha«  faaiala- 
fraaa  ean  ba  heavily  nintar-klllad  whlla  Bahlagraaa  la  only 
all|$>tly  daaagad.  HaOlaod  and  Craal  (60)  have  atatad  that 
87 


■aoMialT*  grawth  j^ariadi  fallawad  I17  fraaaaa  will  aauaa 
wlBtar  kill  lag  af  Hagalagraaa  aad  otaarrad  that  thla  la  Ina 
ta  a laak  af  raat  raaarraa. 

Bahlagraaa  gava  iadleatlana  af  halag  aara  hardj  at 
tha  hl^ar  laral  af  altragan.  Hawavar,  fallawlag  yarlada 
whan  taaiparaturaa  vara  lav  tha  liffamaa  hatvaaa  hardlnaaa 
In  Bahiagraaa  at  tha  twa  fartlllty  lavala  haaaaa  nara  nar- 
raw. 

Blaafenaa  (3)  natad  that  na  grawtb  In  patturaa  taak 
plaea  balav  a aall  taafaratura  af  43*  F.  Batvam  43*  and 
47*  F.  *eltracah**aiiuFad*  faatnraa  vara  abaarrad  ta  graw 
at  a graatar  rata  than  hla  aantral.  Cantlnaad  gmwth  la 
thaugbt  ta  ba  a datarrmt  ta  hardlnaaa.  Iba  tandanar  af  a 
hl^ilj  fartUlaad  graaa  ta  CMtlnua  gravth  vhan  gmaa  at 
a lawar  fartllltr  laval  waa  nat  grawlag  nl^t  land  ta 
aquallaa  tha  dagraaa  af  hardlnaaa  hald  bg  bath.  If  tha 
fantar  had  pravlaualr  baan  tha  nara  hardy.  Thla  vaa  arl- 
dantly  tha  eaaa  aa  la  Aavn  by  tha  faat  that,  fallawlng 
pariada  af  lav  taa^araturaa,  tha  hardlnaaa  aahlbitad  by 
tha  gmaa  at  tha  twa  lavala  af  nltragan  tandad  taward  an 
aqnlllbrlan. 

Indlaatlana  vara  that  daring  naat  af  tha  aaaaaa 
thara  waa  anly  a aaall  dagraa  af  hardlnaaa  at  althar  far- 
tUltr  laval  in  Sahlagmaa  and  that  aandltlana  aultabla  far 
pradndng  any  dagraa  af  hardanlng  did  nat  azlat.  Tha  praa- 


af  lang  parlada  af 


lathar  during  tha  vlntar 
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earned  !#••••  ef  hardlaeee.  Dexter  (IB)  hae  eusceeted  that 
as  effleteat  eeld-teKperatnre  hardenlAf  reaetlea  retulree 
retarded  TecetatiTe  (revth.  The  want  parted*  taterspersed 
«lth  the  eeld  eanaed  ren^^tlan  ef  TecetatiTe  crevth  and 
redneed  the  efflaleae;  ef  the  hardenlnc  pre*e**4  The  ahUltf 
ef  the  plant!  onder  the  hli^er  rata  ef  altrecea  te  withetand 
the  eeld  weather  that  did  eeeur  wa*  prehahlp  attrlhutahle 
te  their  greater  feed  reeerree  and  their  hatter  general 
eendltiea.  The  Much  larger  atwu  present  at  the  higher 
fartilltf  lerel  glTe  eridenee  ef  the  hetter  eendttien  ef 
the  gras*.  During  the  1B5T-5S  eeasea,  the  hardlneie  ef  the 
twe  leTel*  appeared  te  ha  daTeleping  In  eppesit*  dtreetiena 
during  eeld  weather.  Thera  wa*  a trend  wtaieh  indleated 
that  the  plant*  at  the  higher  lerel  ef  nltregen  appeared  te 
ha  lea*  hardjr  ♦w.n  ^eae  at  the  lewar  lerel.  Ihl*  eauld  be 
eoi9ared  te  the  finding*  ef  Carrell  and  Velten  (9)  In  which 
th*7  ehaerred  that  no  dlfferwie*  in  the  hardine**  ef  Kentuekr 
Bluegraa*  at  high  and  lew  lerel*  ef  nitrogen  exleted  in  the 
unhardanad  eenditlen,  hut  tbat«  in  the  hardened  eendltien, 
the  plant*  under  the  hl^er  fertllttr  lerel  were  lea*  hardjr 
than  the**  under  the  lewer  lerel. 

Cenduetlrltr  Maanranenta  Aewed  that  Sahlagraa* 
wa*  ner*  hardr  at  the  higher  fartilitr  lerel  during  neat 
ef  hath  eeaeen*.  nieae  finding*  were  haefced  hj  surriral 
atndle*  in  the  greenheuae  in  19S7.  Yield  data  and  **tbM- 
tian*  ef  winter  injury  indleated  that  ne  real  dlfferanee* 
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•zittad  til*  fr&aa  gram  »t  tlw  tm  faPtUltj'  l«T«la 

Inaafar  aa  atUltg  ta  anrrlTa  ttaa  alatar  vaa  eaaearnad. 

lhaaa  raanlta  rtiavtiis  tba  graatar  bardlnaaa  at  tha 
bi^ar  fartlUtr  laral  baeaza  gartlaulariy  Ibtaraattag  iftaa 
tbaj  ara  Ttawad  in  tba  llgbt  af  aaeh  azparinanta  aa  tbaaa 
af  Oraal  (10),  aba  faund  aiatar  kllltag  af  Paagalagraaa  ta 
Ineraaaa  altb  InM^aaad  afpllaatlaaa  af  nltragaai  Bdgartaa 
(23),  Aa  fatmd  nltragan  ta  lawar  tha  taardliiaaa  af  anl* 
traaa  Aaa  apyllad  Id  tba  fall]  Kiaball  (3T),  An  fauad 
graatar  tandanaaa  aaang  barbaaaaoa  ylAta  traatad  AA 
aadloB  nltrata]  and  LaAtt  (41),  Ae  hat  obaarvad  that  bt> 
tragan  daaraaaaa  bardlnaat  af  plantt  la  gAaral, 

Hat  all  wrtura,  haAvar,  bava  faund  nltragA  ta 
daaraaaa  bardiaaaii  Kagaa  (S4)  found  no  dlffaranM  In 
hardinaaa  batAM  uturallf  bardanad  alfalfa  raata  AlA 
waA  faPtlllMd  AA  0-0-24  In  lata  Kag,  Aoa  fartUiaA 
AA  Atnta  of  aoda  A lata  Sa^Mbar,  ar  hla  anfartUlBad 
MAAla. 

Ha  earralatlaa  eaald  A faund  A Aa  pFaa«t  atudg 
bAvaan  hardAatt  and  Aa  tatal  nitAgA  eantant  af  Aa 
taa^laa  balng  taatA  far  hai4AaM.  Tbla  At  trua  far  baA 
graaaoB  at  boA  fartllltf  larAii  A a^^aAA,  Aa  aaaflat 
fraa  Aa  grata  gran  at  Aa  hlAaf  ratu  af  Atragan  did 
MataA  Aa  largar  inoAta  af  Atragan. 

SAaAauaa  and  Stuart  (M)  faund  A AoA  Aadg  af 
rA  aiatar  raata  that  Aotar  bardAaaa  ab  ataaaAtA  AA 


n 

■ XTMtar  eeneuttratlan  of  nltr»f«o.  Carrall  and  Haltm 
(0)  •bnarrad  tlint  Blnacnan  fartlltsad  vtth  Iiutj  and  lata 
ayfliaatlana  af  nttrasan  had  a hl^ar  altracm  aantant  but, 
aftar  a hardanlnc  ^arlad,  van  laaa  hardy  than  gmaa  fartl> 
liiad  at  lavar  rataa  and  idtlA  yaaaaaaad  a lowar  OMitant 
af  nltragan. 

J«Titt  (4S)  atatat  that  tha  affarta  ta  ralata  hardl- 
naaa  ta  tatal  ar  yrataln  nltrafw  vara  daeaad  ta  fatlura 
la  that  tatal  nltrafan  tan  ba  Inaraaaad  by  altracaa  fartUl* 
aatlan  thlla  thla  la  Itaal/  raduaaa  fraat  hardlaaaa>  tha 
raaulta  abtalnad  la  thla  atady  bath  agraa  and  eaotraat  with 
tha  aflalaa  ai^raaaad  by  Larltt.  Tha  raaulta  abtalnad  vith 
Bahlacraaa  at  tha  400  panad  laval  ladlaata  that  tha  ganaral 
ttatanant  that  nitragan  radnaad  bardlnaaa  ul^t  ba  nada  with 

Tlalda  af  bath  Bahlagmaa  and  ftngalagraaa  vara 
graatar  at  tha  hl^ar  laral  af  nitragan  fartllinatlan. 

Thaaa  flndlnga  agraa  with  thaaa  af  such  Inraatlgatara  aa 
Blua  and  SaMon  (s),  aha  faund  that  whan  thay  appllad  nltra* 
gan  ta  Pangalngraia  thay  abtalnad  a llnaar  raapanaa  ta  rataa 
up  ta  B88  paunda  par  aara;  Itaelna  (dS),  Aa  abtalnad  In- 
amaaad  ylalda  fraa  Pangalagraaa  Aan  ha  Inaraaaad  tha  rata 
af  nitragan  addad|  Marahant  <4«),  Aa  abtalnad  a aatlafaatary 
raapanaa  fran  Panaaaala  Bahiagraaa  ta  nltragu  fartUlutloni 
Jaffara  (34),  Aa  abtalnad  gaod  raapanM  fran  PanuAla 
Bahiagraaa  ta  hl^  nitragan  lavalaj  and  Hallaaa  a|  jl.  (93), 


mw  famid  InsraaMi  ta  f«nt«  fraa  PkHc*lMn«a  ■><  B«Um- 


gTMS  with  Mdt  wddwi  InerMwiit  of  nttrwcM. 

Banlta  oMolowd  fM*  Fancwlacraas  fwllwvwd  th« 
faawrmlljr  w^wetwd  tr«B<t  Morw  «l«Ml7  thaa  414  th«M  fwr 
Bahlacrawa.  Althau^  than  •«rw  ywrlwdlfl  41ffarwac««  la 
thw  hardlawaa  *f  Paacwlacrafi  at  tha  twa  lawala  af  altrafaa, 
thara  waa  a iaflalta  traad  far  aara  alntar  lajarr  at  tha 
U^ar  laral  af  altracaa.  Aa  la  tha  eaaa  af  Bablacraaa, 
thara  la  raaaaa  ta  ballawa  that  na  pralancad  atacaa  of 
hardaol&i  awar  4awalafa4  In  Pancalacraaa  at  althar  far- 
tUltf  laral. 

Durias  tha  1M7>56  aaaaan,  Pancalagraaa  afpaara4  ta 
laralap  eald  hardlaaaa  aftar  aarara  eal4  waathar.  Tha 
raanlta  Indlaata  that,  aftar  farlada  af  eald,  dlffarwaaa 
In  hardlnaaa  hatwaan  the  twa  fartllltjr  lawala  In  Paa*alo- 
fraaa  ware  laaa,  Carrall  and  Haltan  (9),  woridiic  with  hlaa- 
craaa,  ahaarwad  greater  dlffaranaaa  ta  axlat  hatwaan  fartUltf 
lawala  aftar  hardening  than  In  tha  tudiardaaad  aandltlani  The 
larger  dlffaranaaa  In  anaaeptlhlllt)'  to  aald  hatwew  fartllltf 
lawala  In  Bangalagrmaa  axlatad  In  tha  mtfiardanad  aMtdltlan 
rather  than  tha  hardened  eandltlaa. 

Cantoatlwltp  lawala  during  tha  ltu^9  aaaaan  aan- 
tlnuallr  rMalnad  hl^tar  than  40  X 10~^  Mtaa.  In  nld« 

Oatahar  af  19B7,  hngalagraaa  at  tha  100  pannd  lawal  af 
nltragan  gawa  a reading  thla  law.  Fran  a at riot  intarpre- 
tatlan  It  wanld  appear  that  In  19S7  Pangalagraaa  waa  nara 
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In  Bld-Oetoliar  at  ttia  100  pa  and  laval  «f  nltr«c«a 
than  It  arar  «aa  In  ttaa  ou^rabla  parlad  to  lM8»eo  at 
alttaar  fartilltr  laral. 

Oraantaonaa  raaaaarr  data  Indleata  that  at  aalnaa  of 
apaelfia  aasduatlaltr  af  40  1 lO'S  tbaa  and  ahaaa«  Pangala- 
graat  «aa  aat  hard;  ana«^  ta  vlthatand  tha  fraaalnc  treat- 

PraelpttatiaR  «aa  graatar  in  1857  lo  tiia  ata  aaafca 
praeadlng  tha  atndp  than  in  tha  aaaa  parlad  praaadlng  tha 
1068-58  atndr.  Praalpitatlea  aaa  graatar  during  tha  parlad 
of  atndy  la  1068.  BaporlMnta  roTlaaad  >r  larltt  (tt) 
vanld  load  ana  ta  a^aet  that  nndar  eendltiaBa  af  laa  aa- 
TiroBnantal  natatura  hardaalng  aanld  >a  nara  praBannaad. 

In  tha  praaant  atodr  it  la  prahahla  that  tha  nalatura 
praaant  in  tha  nail  dnrlng  hath  raara  vaa  naithar  lav 
anangh  nar  high  anau^  ta  bring  ahaut  a atraaa  iblch  waold 
hara  an  affaat  an  hardlnann. 

thrangbant  tha  1068-00  aaaaaa,  tha  t*a  fartilltr 
lavala  in  Fangalagraaa  flaatnatad  In  tholr  dagraa  af  hardl- 
naaa.  la  a ganaral  ahnarratian,  Pangalagraaa  vaa  hardiar 
at  tha  100  pannd  laval  af  nltragan  dnrlng  tha  aaldar  parta 
of  tha  vlntar.  Praaant  data  tand  to  bo  nara  in  lina  with 
tha  wartc  af  Sonaaon  and  Paltiar  (84)  vha  found  that  altar- 
nating  to^aratnroa  vara  laaa  affaetlva  far  hardwlng  af 
gralna  than  eanatant  lav  tM^oraturoa.  Thla  vaa  aanunad 
ta  ba  duo  ta  tha  aontlnuad  growth  nndar  tha  aandltlona  af 
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alttrutlnc  tviQaratarac.  Sine*  Fuicolaci*>**  «>•  ••(•olallr 
prana  ta  rana*  (ravtb  at  tlia  hl^taar  fartUlty  laral  In  warn 
parlaia  falXanlnc  parlada  af  aald.  It  aufrarad  aara  Ians  af 
raaarraa  la  that  tha  aaxt  fraaaa  vovld  kill  tha  aav  tap 
(ra«th.  fhla  «aa  alaa  ahaarrad  hp  Craal  (IB) 4 Snnaaan  and 
Paltlar  (84)  fannd  that  hl^  dallp  twparaturaa  vlth  hlpta 
radlatlM  aara  aaDduetaa  ta  hardanlag  af  wtotar  ataaai, 

Thaaa  aandltlant  (aaa  a aiarlin  aeaBMlatiaa  af  arcanla 
raaaraaa4 

Balaaa  (88)  and  iaada  (40)  ahaaad  rathar  aarlad  ra- 
aulta  la  tha  aaaaat  af  tl*a  rafnlrad  far  loan  af  hardlaaaa 
la  vlntar  hardmad  (ralaa  at  craaabenaa  tai9arataraa4  tha 
faraar  fanad  that  fiva  daya  vara  raqnlrad  far  aaalia  laaa 
ahlla  tha  lattar  faund  that  18  ar  IS  dapa  vara  raqnlrad. 

Tha  praaaat  atndp  ahava  that  vlda  diffaraaaas  la  tha  ana- 
aaptlhilltp  af  tha  craaaaa  ta  aald  eanld  aeaur  la  a perled 
af  aaa  vaak. 

Taavaratora  atudlaa  hava  aham  that  tha  rlaa  and 
fall  af  bardlaaM  in  tha  craaaaa  eaald  aat  ha  earralatad 
vlth  althar  tha  avaraca  atnlMia  ta^taratara,  tha  avarafa 
naan  taaparatara,  ar  tha  lavaat  taaparatara  ahlch 

aeaurrad  bataaan  ahaarvatlaa  dataa«  azeapt  la  tha  eaaa  af 
Pancalacrata  at  tha  400  paand  laaal  af  alirafan.  la  thla 
lattar  aaaa,  a al^lfteaat  earralatlaa  vaa  faiaid  hatvaan 
hardlaaaa  and  hath  tha  avaraca  and  tha  lavaat  alal* 

BOB  taaparatara  aaeorrlac  batvaaa  tha  dataa  af  ahaarratlaa. 


TUa  «anl4  taad  to  ab«w  that  Pan<*l«fnaa  at  tha  4M  round 
loTol  Of  BltrosoB  waa  Tory  aoaaltlTo  to  t«q^orataro  *aa«oa. 
b no*  of  tlila  and  alnoo  «oothor  aoro  aftoa 

foXlovod  tjr  rarloda  of  oold  Mathor  with  froat,  om  nar  mo 
that  tho  loaa  of  hai4iitota  durlnc  tho  warn  forloda  niaht 
looTo  tiio  craaa  noro  auaooftlUo  to  danafo  durtax  tha  n>- 
aofuoDt  oold  porlad.  A pai>allol  altnation  noa  ohaorvod  la 
pooA  httda  bp  Chaplin  (IB)  lAo  found  that  tholr  Ulllag 
point  oould  rlao  aa  anth  aa  11  docrooa  followlBc  a want 
porlod. 

NtBFoollaato  lawoatlcttiona  prorldad  lafonutloa 
about  tho  aroa  laoMdlatolr  aarrouadlai  tho  planta.  Vhla 
lafoimtleB  ladleatoa  that  ellaatlo  data  tahon  at  tho 
atandard  lowol  of  flwo  foot  dooa  not  roproaont  tho  ooa- 
dltlona  ostatliic  la  tho  aleroollmto.  Boll  aurfoM  t«^para> 
tnroa  undor  craaa  oowor  worn  found  to  ho  ooaaidarahlp  hlfhor 
*>■«»  air  taapornturoa  at  flTO  foot  whllo  tho  Dootantal  air 
tanporoturoa  at  thrao  Inchoa  worn  fworallr  lowor  than  tho 
air  tM^ratwo  at  flTO  foot.  Pluotnatioaa  la  tti^oratnro 
woro  alM  wldor  at  tho  throw  inch  lowol.  Pollowlnc  tho  pat- 
ton  af  nooturnal  toMporaturo  Inroraion,  tho  throo-lnA 
lOTOl  waa  alM  ohaorwod  to  ho  nauallp  aororal  docrooa  ooolor 
than  tho  twol*o-lneh  lowol.  Ihlo  would  Indloato  that  data 
takm  la  tnck  riioltoro  In  woathor  otatlma  would  alM  tond 
to  glTo  roadlnc*  aoawwhat  hlchor  than  tho  actual  condltloaa 
ocourrlnc  at  nlcht  near  tho  aoU  Burfaoa.  Ufforoncoa  would 


trotabljr  b»  l*it  Itlnlr  t*  azl«i  bttwMB  larali  m wlndr 
oi^tt.  m«  f*ll»va  fr«B  tha  faet  that  wind  «aa  abaarrad 
ta  radaaa  tha  fpm-atnra  ttratiflaatlon. 


•nouHi  Aja  coHLUtioin 

Am  •zparlMDt  mt  eondaetad  ni  Um  Agfammj  turn 
kt  SklnaavUl*,  FlariAa  trtm  19ST  mtu  IMS  ta  nanfara 
tha  iBflaaoea  af  tva  ratal  af  altrasaa  fartUlntlan  an 
Aka  aald  hardinaat  af  Fanaaeala  Bahla<raaa  and  hngala- 
grasa.  Tbta  aagarlnant  fallavad  grallnlnary  atndtaa 
aarrlad  ant  In  tha  vlntar  af  1MS-S7.  Tha  tva  ratal  af 
nltragan  vara  100  and  400  pataida  af  nltragan  far  aara  par 
paar  raapaativalp.  Cald  hardlnasa  vaa  atadlad  In  1M9<^ 
thrall^  tha  vaa  af  naaanrenanta  af  apaalfia  aandnatlvltp 
af  aalutlena  lAlata  aeotaiaad  plant  natartal  tliat  had  ra- 
aalTad  a aald  traatnant.  Thta  traatnant  aaoilatad  af 
w^alng  plant  natartal  far  a parlad  af  S4  haara  tn  a 
daap  fraana  at  SO*  F.  Fallavlng  tha  aald  traatnant, 
dalanlaad  aatar  vaa  addad  ta  tha  la^laa  and  tbap  vara 
allavad  M haun  far  diffoatm  of  alaotralptaa,  &a  10S8> 
69  tha  atsdp  ntUlaad  a nodlftad  praeaaa  la  idtlA  tatal 
aandnatlvltp  vaa  datamlnad.  Iha  aanplaa  vara  grannd  In  a 
Vartnc  Blandor  and  tha  par  eant  of  total  aanduatlvltp 
aifalhltad  bp  tha  aa^laa  fallavlng  tha  fraanlng  traatnant 
vaa  aaqputad. 

Sraaidianaa  avrrtTal  atndtaa,  follavtng  tha  fraantng 
traatnant,  vara  earrlad  an  In  1907-S6  tn  ardar  ta  pravlda 
a aaana  of  Aaehlng  tha  valtditp  af  tha  raanlta  af  tha 
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OWltaBttTltj 

StatlftlMl  ual7«««  v»r«  aad*  of  th«  dat* 

Id  l«Ba>6«. 

T*tal  nltrofMi  e«Dt«ot  wu  datandnad  far  tha 
aai^laa  af  sraaa  vbicti  wara  taatad  far  hardlnaas  la  1M«- 
9*.  Total  altrafan  aontaot  wa  alaa  dataiwlaad  far  dtaa 
faraga  aaiqplaa  olitalaad  la  tlia  anMar  of  IMS. 

CllMtie  data  vara  eallaotad  at  tha  waathar  atatlae 
laoatad  an  tha  Agraiuag'  fam.  Ibasa  iaeludad  taararatoro 
data  (takan  at  tha  flTa<^oot  laral  «lth  aaxlaw  and  nlnlana 
tharaaaatara),  praddfltatian  data,  and  Hind  naTanant  data. 

Ntaraollnatla  data  wara  obtalnad  dnrliic  forloda  af 
▼ai7  cold  waathar.  thaaa  taafarataraa  wara  naaMpad  with 
a Brawn  raeardlng  paiortloBatar  utlHalBC  a alztaan-palnt 
aratan  of  oafftr  aonatantan  thanaeeawylaa.  Tartieal  larola 
af  BaaaiirinMit  Inalndad  tha  aall  aurfaoa,  thraa  Inebaa  1a 
tha  alr«  twalra  InAaa  In  tha  air,  and  flwa  faat  In  tha 
air. 

Faraga  rlald  data  wara  ahtalnad  In  tha  mam»r»  af 
IMT  and  IMS  and  far  tha  flrat  enttlng  In  IMS. 

Co^^arlaant  af  aald  hardlaaaa  In  IMT  and  ISSS  wara 
■ada.  thaaa  ecnparHana,  apaalfle  aanduetlTltr  wan  aaad 
an  tha  Indleatar.  Thaaa  aensarlaona  riiawad  that  far  Bahla- 
graaa,  hardlnaas  waa  ganarallr  graatar  at  tha  4M  patutd  laral 
af  Dltragan  daring  hath  7aara.  nngalagraaa  ganarallT 
yaarad  ta  aAlhlt  graatar  aald  hardlnaaa  at  tha  100  paond 
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lsT«l  during  b«th  gaurda  B>«  eradaotlTltg  MaduruMota 
that  apfurantlg  bottk  cradddd  vara  aera  oald  bardg  durlnc  *!>• 
1067  aaaaao  t»«n  during  ttaa  1908  daaaoD. 

»ia  1058-60  aaaaoa  nan  dlTtdad  iata  dlz  gariodd  af 
thraa  obaarratiaa  dadaa  eaah,  and  par  east  af  tatal  eau- 
duetlTitr  vad  uaad  aa  tha  indleaiar  af  hardlnaad.  farladla 
diffaraneaa  uara  abaarrad  ta  azlat  in  batli  graddaa  at  bath 
fartlUtf  larala.  FalldHtag  parlada  af  la»  ta^miapad, 
tham  tfad  aaaa  tandaaar  far  tlta  graaaaa  ta  aAlbtt  dagraaa 
af  aald  hardinana  at  ttaa  twa  fartllltr  larala  In  aaata  gnaa 
tfileta  appraadiad  atualitj. 

Dta  aald  taardlnaaa  atudiaa  Indieatad  that  Bidila- 
gmaa  waa  meu  aald  taardg  at  alttaar  fartUltj  laral  than 
Paugalagraaa  at  alttaar  fartUltg  laral* 

Mara  fluatuatlana  bataaaa  fartllltr  larala  aa  ta 
dagraa  af  aald  taardlnaaa  nara  natad  In  Paagalagraaa.  Hldar 
apraada  batwaaa  fartllltr  larala  aa  ta  dagraa  af  aald  bardi- 
aaaa  «ara  abaarrad  la  Batalagraaai 

Craazfaauaa  aorrlral  studlaa  gara  raaulta  abltft  agraad 
with  ttaa  raaalta  abtalnad  fraa  eotaduotiritr  atudiaa* 

Baaantlallr  *ba  aaaa  gaaaral  traada  wara  barua  aut 
during  ttaa  twa  raara  of  ttaa  atudr*  Plffaranoaa  batwaaa  ttaa 
twa  raara  wara  prabablr  largalr  attrlbatabla  ta  ttaa  wlda 
ellaatla  diffaraaoaa  a^^arianoad  during  ttaa  tva  vlntara. 

Vltrogaa  eanttnt  waa  nat  aarralatad  wltb  aald  hardl- 
naaa  la  alttaar  graaa  at  alttaar  af  tha  twa  fartllltr  larala. 
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Tlald  date  indlMtad  that  vlntflP  lujarj  >aa  Mr* 
••T«rc  In  Pancolasraai  ai  ti>«  400  pound  loyal  of  nltro<an 
and  tlut  no  dlffaronoaa  oilatod  1>ot«eaa  tho  foptilttf  layalt 
aa  ta  olntar  Injnrr  of  Bahtagraaa.  Burin*  tlio  nor#  aovoro 
nlnior  of  195T*«6,  Pangolasnaa  waa  nora  haarllr  danafad 
In  tba  1M>8>59  vlntar  Alla  tho  oppoalta  waa  trao  of 
Bahlacraaa.  Mata  la  nado  of  tba  faot  that  Bohlacraaa  waa 
not  danafod  ta  anp  largo  astant  In  althor  wtntor. 

Taaparatura  atndtaa  Aowad  that  tbara  waa  no  oor- 
rolatlan  batwaan  aold  bardlnaaa  and  avoraga  alnlaiw  ta^ara- 
turo,  araraga  naan  taiparatura«  ar  lewaat  nlnl—  ta^ara- 
tura  Aon  tba  ttt^aratnraa  naad  wra  Aaao  obtalnad  batAA 
dmtaa  of  oaparlMatal  obaarratlOB  of  aold  bardlnaaa,  oz> 
eapt  la  tba  aasa  af  Pasgolagrata  at  tba  400  pound  loyal 
of  altregA.  In  Ala  lattar  eaaa  a earrolatlA  Aa  found 
batwaan  Mid  bardlnaaa  and  both  Aa  ayarago  ntnlAn  tai^OA* 
tnro  and  Aa  lawaat  nlnlun  ta^aratnra. 

OAar  tAparatara  nudlaa,  wtalA  Anlyad  mero- 
Ollnata  ATaaAgatAnt,  datanlnad  Aat  air  tanpoAtoraa 
wara  gMarally  Mldar  at  nl^t  Araa  AAaa  aboya  Mil 
aurfaM  than  at  flya  fMt  aboya  Mil  anrfoM.  Ao  tAlva- 
AA  laval  Aa  alM  foAd  A ba  Mldar  at  nlgbt  than  Aa 
flywfoot  loyal.  Soil  aurfaM  undar  a graaa  Myor  Aa 
ganarallr  Mnaldarabljr  waivar  Aan  Aa  air  at  up  of  Aa 
lavala  obaaryad.  PluMMiAna  A ranga  wara  graatar  at  Aa 
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thrM'-liitt  1«T*1  ftsd  Bt  tilt  t«tlTt-lnah  Itrtl  thas  at  tilt 
ttbtr  Itttlt  at  vlilA  tttartPtntt  tart  atOta  HlnO  tat  ftoBd 
tt  rtdaea  ta^aratura  atratifltatian. 
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